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PREFACE 


Within  recent  years  a  number  of  highly  significant  con¬ 
tributions  have  been  made  to  logical  science.  The  extant 
elementary  textbooks,  however,  though  in  many  respects 
admirable,  were  written  ten  to  thirty  years  ago,  and  such 
revisions  as  have  been  made  have  not  been  thoroughgoing 
enough  to  take  this  new  literature  into  account.  The  teacher 
of  logic  is  thus  confronted  with  the  anomalous  necessity  of 
having  to  use  books  which  are  too  obsolete  to  prepare  the 
student  for  advanced  work  in  this  field.  My  general  aim  has 
been  to  give  a  fresh  treatment  of  the  subject,  utilizing,  and, 
as  far  as  possible,  bringing  within  the  reach  of  the  begin¬ 
ning  student,  this  valuable  new  material.  For  the  most 
part,  however,  I  have  ignored  the  new  symbolic  logic,  since 
an  adequate  presentation  of  it  demands  a  separate  course 
and  a  separate  textbook.  The  material  I  have  in  mind  is 
the  rather  extensive  body  of  non-symbolic  logical  literature, 
which  has  been  accumulating  for  several  years. 

In  my  judgment  the  central  tendency  in  all  this  literature 
is  a  new  theory  of  the  nature  of  inference.  The  best  ex¬ 
position  of  this  theory  is  to  be  found  in  the  logical  writings 
of  the  late  Dr.  Bernard  Bosanquet  (died  1923).  Writing 
about  this  great  logician’s  large  two-volume  Logic  and  his 
Implication  and  Linear  Inference,  Dr.  James  H.  Muirhead 
has  recently  said :  "Taking  them  together  what  I  think  may 
be  claimed  for  them  is  that  they  embody  a  view  of  the 
nature  of  inference  bound  sooner  or  later  to  revolutionize 
the  entire  science  of  logic”  {Mind,  October,  1923).  Using 
the  technical  phrases  implicative  system  and  inferential 
whole  as  short  descriptions  of  this  theory  of  inference,  I 

vii 


Till 


PREFACE 


have  attempted  to  rewrite  the  traditional  logic  so  as  to  make 
it  clear  that  the  operative  unit  in  all  intellectual  processes 
is  the  implicative  system.  And  in  the  chapter  on  the  nature 
of  inference  I  have  suggested  that  Bosanquet’s  theory  of  in¬ 
ference  is  essentially  the  same  as  the  late  Professor  Royce ’s 
theory  of  order.  But  as  a  matter  of  fact  this  theory  of  in¬ 
ference  is  really  independent  of  any  particular  type  of 
metaphysics,  and  more  and  more  it  is  being  adopted  by 
logicians  of  other  schools  than  that  of  the  idealistic  tradition 
to  which  both  Bosanquet  and  Royce  belonged. 

Some  of  the  material  has  been  presented  in  a  semi-contro¬ 
versial  manner  in  order  to  provoke  discussion  in  the  class¬ 
room,  as  well  as  individual  thought,  and  to  make  the  student 
realize  that  there  are  some  live  problems  that  are  awaiting 
solution  in  logical  science.  The  charge  of  sterility  so  often 
hurled  against  logic  can  only  be  met  by  putting  the  student 
up  against  some  of  the  vital  modern  issues.  Even  though 
this  may  result  in  making  him  think  that  the  subject  is  in 
an  uncertain  state,  surely  this  is  better  than  giving  him 
the  impression  that  it  is  all  cut  and  dried.  Too  many 
courses  fail  to  stimulate  reflection  and  discussion.  Surely 
logic  should  not  fail  to  do  this.  I  have  made  an  honest 
effort  to  choose  thought-provoking  material  and  to  present 
it  in  a  thought-provoking  manner. 

In  addition  to  this  general  aim  of  utilizing  new  material 
in  such  a  way  as  to  make  the  subject  really  live,  I  have  had 
three  special  purposes  in  view  in  writing  this  book.  They 
are  rooted  in  my  conception  of  what  an  elementary  course 
in  logic  can  reasonably  be  expected  to  give  to  the  student. 

In  the  first  place  it  should  lay  some  sort  of  a  foundation 
for  further  work  in  philosophy,  as  well  as  for  advanced 
work  in  epistemology  and  logic.  In  my  judgment  ele¬ 
mentary  logic  can  be  made  an  excellent  beginning  course 
for  other  philosophical  subjects.  Throughout  this  book  I 
have  introduced  material  which  I  thought  would  orient  the 
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student  in  the  general  field  of  philosophy.  For  instance, 
the  concluding  section  on  “Recent  Tendencies  in  Logical 
Theory”  is  especially  intended  for  this  purpose,  although 
it  falls  strictly  within  the  province  of  logic. 

No  other  subject  has  contributed  more  terms  to  the  gen¬ 
eral  vocabulary  which  cultured  people  use  than  logic.  And 
they  are,  for  the  most  part,  terms  which  can  only  be  under¬ 
stood  by  learning  them  in  their  context.  For  this  reason 
alone,  if  for  no  other,  the  attitude  of  some  teachers  toward 
the  traditional  logic  is  greatly  to  be  deplored.  Throughout 
I  have  tried  to  present  intelligible  and  interesting  defini¬ 
tions  and  explanations  of  logical  doctrines  and  terms  which 
have  become  part  and  parcel  of  our  educated  common 
sense.  It  is  for  this  reason  that  I  have  given  so  much  atten¬ 
tion  to  Aristotelian  logic.  However,  I  hope  I  have  suc¬ 
ceeded  in  giving  it  a  fresh  treatment  in  accordance  with 
the  general  aim  of  utilizing  recent  discussions. 

Then,  too,  an  elementary  course  in  logic  should  give  the 
student  a  fair  general  knowledge  of  the  various  methods 
which  are  being  so  fruitfully  employed  in  scientific  research 
nowadays.  My  treatment  of  inductive  logic  is  dominated 
by  this  consideration,  and  teachers  will  find  it  different 
from  that  of  any  other  elementary  text.  While  retaining 
the  valuable  content  of  the  traditional  inductive  logic,  espe¬ 
cially  as  presented  by  John  Stuart  Mill,  I  have  added  con¬ 
siderable  new  material.  Although  I  have  not  hesitated  to 
emphasize  inductive  theory,  my  primary  aim  has  been  to 
present  the  whole  subject  as  an  applied  logic  or  method¬ 
ology. 

In  fact,  throughout  the  book  the  more  difficult  and  theo¬ 
retical  have  been  kept  separate  from  the  easier  and  more 
practical  discussions,  for  the  convenience  of  the  general 
reader  as  well  as  in  order  that  teachers  may  omit  such 
theoretical  portions  as  are  beyond  the  reach  of  freshmen 
and  sophomores.  For  relatively  immature  students  it  might 
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be  well  to  reverse  the  order  of  presentation  and  begin  every 
topic  with  concrete  exercises,  illustrations,  and  discussions, 
taking  up  the  more  theoretical  parts  later.  Thus  in  Part  I 
some  may  find  it  better  to  begin  with  definition  and  divi¬ 
sion,  and  then  pass  to  the  immediate  inferences,  omitting 
the  paragraph  on  the  nature  of  judgment.  This  may  be 
followed  by  a  discussion  of  the  syllogism  and  its  rules, 
omitting  the  chapter  on  the  nature  of  inference,  and  then 
with  the  hypothetical  syllogism,  including  the  dilemma. 
This  will  give  the  class  a  sufficient  background  for  a  con¬ 
sideration  of  the  more  theoretical  paragraphs  and  chapters 
which  have  been  omitted.  Similarly  in  Part  II  it  might  be 
well  to  begin  with  Mill’s  methods,  then  to  take  up  briefly 
the  general  nature  of  induction,  following  with  a  discussion 
of  the  methods  of  probability  and  explanation.  In  classes 
containing  few  mature  students  it  may  be  found  advisable 
to  omit  the  controversial  parts  of  the  concluding  section  on 
“Recent  Tendencies  in  Logical  Theory.”  Since  it  is  easier 
for  a  teacher  to  omit  material  than  it  is  to  add  what  has 
been  omitted  by  the  author,  I  have  thought  best  to  include 
some  theoretical  discussions  which  are  really  beyond  the 
powers  of  the  average  freshman  or  sophomore,  who  has 
had  no  previous  work  in  philosophy.  Part  II  is  likely  to 
be  more  interesting  to  the  student  than  Part  I,  and  hence 
some  may  prefer  to  begin  with  it. 

In  preparing  this  textbook  I  find  myself  under  obligation 
to  so  many  that  I  refrain  from  specifically  mentioning  any 
particular  persons.  However,  in  all  places  where  I  have 
used  material  from  other  writers,  I  have  tried  to  give 
credit.  The  selected  Bibliography  in  the  Appendix  in¬ 
cludes  all  of  the  works  from  which  I  have  quoted.  I  hope 
that  it  may  prove  valuable  to  teachers  and  to  those  who  wish 
to  do  further  reading  in  this  field.  Although  I  have  added 
some  carefully  selected  exercises,  my  own  experience  leads 
me  to  believe  that  students  should  be  required  to  exemplify 
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the  various  logical  operations  from  their  own  life  and 
reading. 

In  conclusion,  I  venture  to  suggest  that  it  is  time  for  the 
pendulum  to  swing  back  toward  a  revival  of  interest  in 
traditional  logic.  Undoubtedly  every  logician  owes  it  to 
himself  and  to  his  profession  to  be  enough  of  a  reformer  of 
logic  to  keep  his  science  abreast  of  the  best  thought  in  other 
fields  of  knowledge.  In  this  sense  every  teacher  of  logic 
should  be  a  reformer.  But  too  many  self-styled  reformers 
of  logic  are  making  the  mistake  of  eviscerating  the  content 
of  the  elementary  course  in  logic.  In  some  institutions  the 
whole  of  traditional  logic  is  covered  in  a  few  recitations, 
while  in  others  it  is  entirely  omitted.  Eventually  teachers 
of  elementary  logic  will  discover  the  necessity  of  reviving 
traditional  logic,  for  it  will  always  remain  the  only  door 
open  to  the  beginner  by  which  he  can  enter  into  possession 
of  the  priceless  treasures  of  this  age-old,  yet  perennially 
interesting,  throne  room  of  the  temple  of  knowledge.  Hence 
teachers  who  have  the  ultimate  welfare  of  logic  at  heart  will 
be  guided  by  the  watchword  ‘  ‘  the  revival  of  logic  ’  ’  as  much 
as  by  that  of  “the  reform  of  logic.” 

Excerpts  from  copyrighted  books  are  printed  by  permis¬ 
sion  of,  and  by  special  arrangement  with,  the  following 
publishers,  whose  courtesies  are  hereby  gratefully  acknowl¬ 
edged:  A.  and  C.  Black,  Ltd.,  the  Clarendon  Press,  Henry 
Holt  and  Company,  Houghton  Mifflin  Company,  The  Mac¬ 
millan  Company,  Macmillan  and  Company,  Ltd.  (London), 
G.  P.  Putnam’s  Sons,  Charles  Scribner’s  Sons,  and  the 
Yale  University  Press. 

Daniel  Sommer  Robinson 

Oxford,  Ohio 
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CHAPTER  I 

THE  GENERAL  NATURE  OP  LOGIC 

Definition  of  Logic 

The  term  logic  is  the  antique  and  classic  name  of  that 
branch  of  human  knowledge  which  studies  the  intellectual 
processes  involved  in  reaching  any  definite  truth.  The 
word  is  derived  from  the  adjective  of  the  Greek  word  logos 
(Aoyoc),  which  means  either  a  thought  or  the  word  used  in 
expressing  a  thought.  But  in  combination  with  other  words 
logos  has  been  given  the  English  form  ology,  which  means 
science.  Thus,  biology  is  the  science  of  life,  psychology  is 
the  science  of  the  mind,  and  geology  is  the  science  of  the 
earth.  Following  out  this  idea,  the  technical  term  epis¬ 
temology  has  been  formed,  and  nowadays  it  is  frequently 
used  as  synonymous  with  the  term  logic.  It  is  a  combina¬ 
tion  of  ology  with  the  Greek  word  episteme  (eniarvqp/]), 
which  means  knowledge.  Hence,  logic  may  be  defined  as 
the  science,  of  knowledge,  _  or  more  exactly,  as  the  science 
of  the  intellectual  processes  operative  in  the  acquisition  and 
in  the  creation  of  knowledge.  Some  of  these  processes  are 
those  used  in  proving  one  statement  true  by  relating  it  to 
others  or  to  another,  already  known  or  assumed  to  be  true. 
The  study  of  these  constitutes  a  branch  of  logic  designated 
by  such  various  names  as  formal  logic,  deductive  logic,  the 
logic  of  proof,  Aristotelian  logic  and  traditional  logic.  In 
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2  THE  PRINCIPLES  OF  REASONING 

this  textbook,  Part  I  is  an  exposition  of  this  branch  of 
logic. 

On  the  other  hand,  accompanying  the  growth  of  experi¬ 
mental  science  there  was  a  development  of  methods  of 
reasoning  which  brought  to  light  the  actual  connections 
embodied  in  concrete  facts  and  formulated  them  as  laws  of 
nature.  Since  the  days  of  Francis  Bacon,  who  vigorously 
advocated  turning  away  from  assumed  deductive  principles 
to  the  actual  facts  of  nature,  that  branch  of  logic  which 
deals  with  such  processes  of  reasoning  has  been  known  as 
inductive  logic.  But  to  contrast  it  with  the  logic  of  proof 
this  branch  has  occasionally  been  called  the  logic  of  dis¬ 
covery.  To-day,  however,  it  is  more  commonly  referred  to 
as  scientific  method ,  or  simply  as  methodology.  This  branch 
of  logic  is  sketched  in  Part  II  of  this  textbook,  under  the 
title  of  Induction  or  Scientific  Methodology.1 

It  is  well  to  recognize  at  the  outset  that  the  logician 
is  somewhat  at  a  disadvantage,  in  comparison  with  the 
natural  scientist,  in  indicating  to  the  beginning  student  the 
precise  subject  matter  of  his  science.  For  whereas  natural 
scientists  deal  with  visible  or  tangible  objects,  the  logician 
deals  with  non-visible  and  with  non-tangible,  or  in  general 
with  non-sensuous  objects.  This  fact  that  the  material  of 
logic  is  of  such  a  nature  that  it  cannot  be  sensed  makes  it 
advisable  to  explain  somewhat  in  detail  just  what  that 
material  is.  This  can  best  be  done  by  approaching  the 
matter  from  two  different  angles. 

1.  The  Subjective  Approach.  No  student  can  have 
reached  the  stage  in  his  educational  development  where  he  is 
admitted  to  a  course  in  logic  who  has  not  done  some  thinking 
for  himself,  and  who  has  not  accumulated  a  certain  amount 
of  knowledge  which  is  peculiarly  his  own.  Your  thinking, 
and  the  knowledge  in  wdiich  it  results,  is  the  subject  matter 

i  For  a  fuller  discussion  of  the  development  of  deductive  and  of 
inductive  logic,  see  Ch.  XXV. 


THE  GENERAL  NATURE  OF  LOGIC 


3 


of  logic.  When  you  prove  the  theorem  in  geometry  that 
the  opposite  angles  of  two  intersecting  straight  lines  are 
equal,  you  have  to  think  or  reason.  That  and  all  other 
thinking  or  reasoning  is  the  subject  matter  of  logic.  Think¬ 
ing  is  always  of  some  object,  but  the  object  which  is  thought 
about  is  not  the  subject  matter  of  logic,  save  only  as  it  enters 
into  and  becomes  a  part  of  the  thinking.  When  the  matter 
is  approached  subjectively  or  from  the  angle  of  the  indi¬ 
vidual  thinker,  the  science  of  logic  is  the  systematic  display 
or  exhibition  of  the  intellectual  processes  involved  in  one’s 
own  thinking. 

2.  The  Objective  Approach.  Every  student  must  have 
some  conception  of  what  is  meant  by  the  whole  body  of 
knowledge,  since  he  is  attempting  to  make  some  of  it  his 
own.  All  the  various  sciences  form  a  system  of  knowledge 
which  is  independent  of  the  individual  thinker.  For  while 
it  cannot  be  said  to  be  your  knowledge  or  mine,  that  it  is 
real  is  none  the  less  indubitable.  Now,  from  the  objective 
point  of  view,  knowledge  as  knowledge  is  the  subject  matter 
of  logic.  Logic  attempts  to  discover  the  structure  of  the 
whole  system  of  knowledge. 

To  make  this  clearer  let  us  use  an  illustration.  The  little 
one-celled  animal  known  as  an  amoeba  is,  as  a  form  of 
animal  life,  a  part  of  the  subject  matter  of  zoology.  But 
the  amoeba  may  also  he  considered  as  a  chemical  entity, 
since  it  is  composed  of  chemical  elements.  And  as  such  it 
is  a  part  of  the  subject  matter  of  chemistry.  From 
still  another  point  of  view,  an  amoeba  can  be  regarded  as  a 
known  object  or  as  constituting  a  part  of  the  system  of 
knowledge.  As  such  the  amoeba  is  a  part  of  the  subject 
matter  of  logic.  And  so  of  every  other  known  object,  let  it 
be  what  it  may.  To  study  logic  is  to  study  the  structure  of 
knowledge,  and  to  study  the  structure  of  knowledge  is  to 
study  the  structure  of  all  objects  as  parts  of  the  whole 
called  knowledge,  whereas  other  sciences  deal  with  the  same 
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objects  as  parts  of  some  other  whole.  Logic  is  interested  in 
the  amoeba,  and  in  the  whole  called  physical  life,  and  in  all 
other  objects  of  whatsoever  kind,  as  parts  of  the  whole 
called  knowledge. 

The  Relation  of  Logic  to  Psychology 

If  we  define  the  subject  matter  of  logic  as  thinking — 
yonr  thinking,  my  thinking,  any  thinking — we  are  in 
danger  of  identifying  logic  and  psychology.  But  it  can  be 
shown  by  two  considerations  that  these  two  sciences  are 
really  quite  distinct:  (1)  Logic  deals  only  with  that  part 
of  mental  content  known  as  thinking,  whereas  psychology 
deals  with  the  content  of  mind  in  its  entirety.  Psychology 
is  the  science  of  all  mental  phenomena,  normal  and  ab¬ 
normal,  and  even  of  bodily  behavior,  whereas  logic  has  for 
its  subject  matter  normal  thinking  only.  (2)  The  point 
of  view  of  psychology  is  entirely  different  from  that  of 
logic.  Psychology  is  only  interested  in  thinking  as  one 
among  many  other  features  of  finite  experience.  Logic, 
on  the  contrary,  is  interested  in  thinking,  not  as  a  bare 
existent  mental  fact,  but  as  an  intellectual  activity  which 
culminates  or  fructifies  in  valid  knowledge.  One  deals 
with  thinking  simply  as  an  existential  fact,  while  the  other 
looks  away  from  the  existence  of  thinking  to  its  goal,  pur¬ 
pose  and  meaning. 

Treating  logic  as  psychology,  dealing  with  thought 
processes  in  the  purely  descriptive  manner  of  psychology, 
is  a  mistake  too  often  made  by  logicians.  Such  a  proce¬ 
dure  always  results  in  making  logic  a  mere  adjunct  of  psy¬ 
chology,  and  logicians  who  do  this  have  justly  been  called 
‘‘psychological  logicians.”  Psychologizing  logic  or  other 
sciences  is  the  name  the  great  German  logicians,  Husserl 
and  Meinong,  give  to  this  too  frequent  habit  of  introducing 
the  psychological  viewpoint  into  a  subject  matter  in  which 
it  has  no  rightful  place.  Logic  is  logic  and  psychology  is 
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psychology,  and  nothing  is  gained  by  reducing  either  of 
these  sciences  to  the  other.2 

The  Relation  of  Logic  to  Language 

If  we  define  the  subject  matter  of  logic  as  that  system 
of  knowledge  which  forms  the  content  of  all  the  sciences, 
we  are  in  danger  of  identifying  the  subject  matter  of  logic 
with  language.  This  is  true  because  all  knowledge,  from 
the  human  point  of  view,  is  necessarily  embodied  in  and 
transmitted  by  language.  While  it  is  an  undeniable  fact 
that  “thought  could  make  no  progress  without  embodying 
itself  in  language,”  it  is  nevertheless  a  fatal  mistake  to 
treat  language  as  the  subject  matter  of  logic.  The  fact 
that  language  and  knowledge  are  really  entirely  distinct 
has  frequently  been  pointed  out,  but  nowhere  has  it  been 
made  clearer  than  in  John  Locke’s  famous  tirade  against 
mere  verbosity :  ‘  ‘  For  he  that  shall  well  consider  the 

errors  and  obscurity,  the  mistakes  and  confusion,  that  are 
spread  in  the  world  by  an  ill  use  of  words,  will  find  some 
reason  to  doubt  whether  language,  as  it  has  been  employed, 
has  contributed  more  to  the  improvement  or  hindrance  of 
knowledge  amongst  mankind.  How  many  are  there,  that, 
when  they  would  think  on  things,  fix  their  thoughts  only 
on  words!  .  .  .  Who  can  wonder  that  such  thoughts  and 
reasonings  end  in  nothing  but  obscurity  and  mistake,  with¬ 
out  any  clear  judgment  or  knowledge  ?  ”  3  Knowledge,  not 
language,  is  the  subject  matter  of  logic.  Language  is  only 
the  sensible  embodiment  of  thought.  What  logic  is  con¬ 
cerned  with  is  the  naked  body  that  is  clothed  in  language. 
The  logician  is  not  studying  words,  sentences  and  parts  of 
speech,  but  the  meaning  behind  words  and  sentences.  That 

2  Bernard  Bosanquet  givea  a  difficult  but  sound  discussion  of  the 
relation  of  logic  and  psychology,  with  special  reference  to  Husserl, 
in  Ch.  VII  of  his  Implication  and  Linear  Inference. 

s  John  Locke,  Essay  Concerning  the  Human  Understanding, 
Bk.  Ill,  Ch.  XI. 
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is  to  say,  the  logician  is  studying  the  parts  of  knowledge 
and  not  the  forms  of  language. 

The  Irreducible  Unit  of  Logical  Science 

The  suggestion  that  logic  studies  the  parts  of  knowledge 
raises  the  interesting  question:  What  is  the  least  con¬ 
ceivable  bit  of  knowledge  or  the  minimum  possible  amount 
of  knowledge  ?  If  we  can  tell  what  this  least  part  of  knowl¬ 
edge  is,  we  shall  have  what  may  well  be  called  the  irreduc¬ 
ible  unit  of  logical  science.  An  analogy  may  make  the 
matter  clearer.  All  the  physical  sciences  reduce  the  ob¬ 
jects  dealt  with  to  the  least  possible  unit.  The  unit  of 
biological  science  is  the  cell.  The  unit  of  physics  is  the 
atom,  or,  according  to  a  more  recent  theory,  the  electron. 
The  unit  of  chemistry  is  now  generally  agreed  to  be  the 
ion.  Now  is  there  anything  in  the  science  of  logic  which 
can  be  regarded  as  the  irreducible  unit  of  thought  or 
knowledge?  Is  there  a  logical  electron,  or  ion,  or  cell? 

The  great  English  logician,  Stanley  Jevons,  taught  that 
the  logical  idea  is  the  irreducible  unit  of  thought,  an  idea 
being  a  meaning  and  not  a  mere  psychical  image.  “An 
idea  or  concept  is  not  an  image,  though  it  may  make  use 
of  images.  It  is  a  habit  of  judging  with  reference  to  a 
certain  identity.  ’  ’ 4  Let  us  use  again  the  illustration  of 
the  amceba.  Think  amoeba,  and  you  have  an  example  of 
an  idea  in  the  meaning  which  your  thinking  gives  you. 
But  you  may  well  answer  that  you  cannot  think  just 
amceba  by  itself,  without  thinking  of  some  quality  which  an 
amceba  has,  or  of  some  relation  of  an  amoeba  to  something 
else.  And  that  fact  suggests  the  unanswerable  criticism 
of  the  view  that  an  isolated  idea  is  the  irreducible  unit  of 
knowledge.  For  ideas  are  not  found  “lying  apart  as  words 
lie  on  a  page.  ’  ’  Ideas  are  themselves  very  complex  systems 


4  Bernard  Bosanquet,  Logic,  Vol.  I,  p.  41  (1st  ed. ). 
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of  thought,  as  is  shewn  by  the  statement  given  above :  “An 
idea  is  a  habit  of  judging  with  reference  to  a  certain  iden¬ 
tity.  ”  For  if  every  idea  is  a  habit  of  judging,  it  neces¬ 
sarily  involves  numerous  other  ideas.  The  attempt  to  think 
of  an  idea  by  itself,  in  isolation  from  all  other  ideas,  turns 
out  to  be  futile.  One  cannot  avoid  going  beyond  the  idea 
to  something  that  is  mare  complete.  The  irreducible  unit 
of  knowledge  must  be  something  which  is  capable  of  stand¬ 
ing  alone  as  knowledge,  and  this  no  single  idea  can  do. 

Well,  then,  perhaps  judgment,  or  a  single  judgment  or 
proposition,  is  the  real  unit  of  knowledge.  This  is  implied 
in  the  statement  that  an  idea  is  a  habit  of  judging.  Thus 
the  judgment  that  an  amoeba  is  a  one-celled  animal  is  some¬ 
thing  more  than  a  mere  idea.  It  is  several  ideas  forming 
together  a  single  meaning.  When  we  know  what  an  amoeba 
is,  the  idea  amoeba  expands  into  the  judgment:  “The 
amoeba  is  a  one-celled  animal.”  Now  the  fact  that  every 
idea  expands  into  a  judgment  when  it  is  reflected  upon, 
or  reveals  an  act  or  habit  of  judging  at  its  source  when  it 
is  analyzed,  has  been  held  to  prove  that  the  judgment  is 
the  irreducible  unit  of  logical  science.  * 

Yet  it  must  be  admitted  that  a  single  isolated  judgment 
is  as  far  from  being  knowledge  as  a  single  isolated  idea. 
A  bare  assertion  certainly  is  not  knowledge  any  more  than 
a  bare  idea.  Neither  a  single  judgment  nor  an  idea  can 
hold  within  its  four  corners  enough  of  the  content  of 
thought  to  he  knowledge.  Behind  the  judgment,  as  well 
as  behind  the  idea,  is  a  system  of  ideas  or  judgments.  You 
do  not  get  knowledge  until  you  understand  the  underlying 
ground  of  the  judgment.  For  Aristotle,  logic  was  the 
science  of  proof  or  evidence,  and  it  should  be  the  same  for 
us  to-day.  But  if  logic  is  the  science  of  proof,  the  irreduc¬ 
ible  unit  of  knowledge  must  embody  in  itself  the  essentials 
of  its  proof.  To  refer  again  to  our  illustration:  “The 
amceba  is  a  one-celled  animal  because,  when  examined  under 
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a  high-powered  microscope,  nothing  can  be  discerned  but 
a  nucleus  embedded  in  a  mass  of  protoplasm.”  Here  the 
judgment  is  expanded  into  an  inference.  You  have  traced 
the  connections  in  that  tiny  little  system  of  reality  which 
is  known  as  the  amoeba,  and  in  so  doing  you  have  consti¬ 
tuted  a  tiny  thought-system  which  is  knowledge.  Nothing 
less  than  such  a  thought  system  is  knowledge.  This  sys¬ 
tem  is  behind  every  idea  or  judgment  which  refers  to  the 
identity  in  question,  for  example,  the  amoeba.  The  mere 
isolated  idea  and  the  single  judgment  are  not  knowledge. 
Only  a  thought  system,  built  up  by  tracing  the  actual  con¬ 
nections  within  that  portion  of  the  real  world  with  which 
you  are  dealing,  is  entitled  to  the  name  of  knowledge.  It 
is  convenient  to  name  such  a  thought  system  an  inferential 
whole  or  an  implicative  system.  In  recent  years  logicians 
of  every  school  have  come  to  recognize  that  the  inferential 
whole  or  the  implicative  system  is  the  minimum  possible 
amount  of  knowledge  and  therewith  the  irreducible  unit 
of  logical  science.® 

This  conception  of  an  inferential  whole,  or  an  implica- 

6  Although  the  view  that  the  implicative  system  is  the  unit  of 
knowledge  or  the  minimum  possible  amount  of  knowledge  has  never 
been  definitely  stated,  it  is  implicit  in  and  can  he  read  between  the 
lines  of  many  recent  writings  on  logic.  Professor  Mellone  correctly 
states  the  view  of  the  idealistic  logicians,  Bradley  and  Bosanquet, 
when  he  writes :  The  point  of  view  adopted  in  modern  logic  is, 

that  in  the  formation  of  ideas,  in  judgment,  in  reasoning,  we  have 
not  three  separate  processes  but  a  development  or  expansion  of  one 
and  the  same  process”  ( Introductory  Textbook  of  Logic,  p.  12). 
This  is  equivalent  to  saying  that  the  real  underlying  unit  of  knowl¬ 
edge  is  the  implicative  system.  Indeed,  Leibniz  appears  to  have 
recognized  this,  as  is  indicated  by  his  statement :  “The  least  thought 
of  which  we  are  conscious  involves  variety  in  its  object”  ( Monad - 
ology  16).  The  exceedingly  important  articles  entitled  The  Princi¬ 
ples  of  Logic,  by  W.  Windelband  and  Josiah  Boyce,  in  volume  one 
of  Ruge’s  Encyclopedia  of  the  Philosophical  Sciences,  are  best 
understood  from  this  point  of  view,  as  are  also  the  Essays  in  Experi¬ 
mental  Logic  of  John  Dewey,  and  the  Introduction  to  Reflective 
Thinking ,  of  the  Columbia  Associates  in  Philosophy. 
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tive  system,  is  employed  again  and  again  throughout  this 
textbook,  and  the  student  will  do  well  to  grasp  it  here  at 
the  outset.  Since  exact  knowledge  consists  in  a  careful 
organization  and  correlation  of  concrete  facts  into  a  definite 
system,  it  follows  that  the  functional  emit  of  logic  must  be 
such  a  system,  howsoever  tiny  it  may  be.  Each  idea  which 
refers  to,  and  each  judgment  made  about  such  a  system, 
are  best  conceived  as  various  aspects  of  it.  Moreover,  the 
attempt  to  fathom  the  meaning  of  any  particular  idea  will 
carry  the  investigator  deeper  and  deeper  into  the  impli¬ 
cative  system  which  is  in  question.  The  following  quota¬ 
tion  from  John  O’ London’s  Weekly  is  an  excellent  illus¬ 
tration  of  a  thinker  being  carried  back  into  an  implicative 
system  in  answering  a  correspondent’s  question  as  to  the 
precise  meaning  of  two  related  words. 

“The  distinction  between  ‘egoism’  and  ‘egotism’  is  this: 
‘Egoism’  describes  a  condition  of  mind,  ‘egotism’  the  habit 
of  expressing  that  condition.  Hence  Meredith’s  title  The 
Egoist,  not  The  Egotist.  The  egoist  loves  himself  exces¬ 
sively  and  sees  everything  colored  by  his  own  thoughts, 
interests  and  moods.  The  egotist  is  also  an  egoist,  but  the 
word  is  applied  to  him  in  respect  of  his  spoken  or  written 
manifestation  of  this  trait  of  character.  The  two  words, 
however,  have  been  used  more  or  less  indiscriminately  by 
many  writers.” 

This  is  a  good  example  of  an  inferential  whole.  The 
facts  are  the  thoughts,  interests  and  moods  of  a  human 
being.  All  of  these  varied  facts  are  synthesized  and  ordered 
by  the  ideas,  “condition  of  mind,”  and  “habit  of  express¬ 
ing  that  condition.  ’  ’  Egoism  is  simply  one  way  of  referring 
to  this  system,  and  egotism  is  another.  Hence  the  writer 
was  correct  in  adding  the  further  comment:  “Strictly 
speaking,  there  is  no  difference  in  meaning  between  these 
two  words,  but  there  is  a  difference  in  their  application.” 
For  each  refers  to  the  same  implicative  system,  but  each 
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expresses  a  different  aspect  of  that  system.  Now  it  goes 
without  saying  that  various  other  ideas  and  judgments 
could  be,  and  many  times  actually  are,  used  in  reference 
to  this  same  implicative  system.  The  essential  thing,  how¬ 
ever,  from  the  point  of  view  of  logical  analysis,  is  the  sys¬ 
tem  itself,  and  all  the  ideas  and  judgments  in  which  it  is 
operative  and  which  seek  to  express  some  phase  of  it  are 
best  considered  as  fragments  of  it.  Hence  there  is  pre¬ 
supposed  in  every  judgment  and  in  every  single  idea  a 
complex  meaning — an  implicative  system  or  an  inferential 
whole.  Such  a  system  is  the  real  unit  of  knowledge,  the 
minimum  possible  amount  of  knowledge.  No  idea  and  no 
judgment  can  be  comprehended  apart  from  the  implicative 
system  to  which  it  belongs. 

Logic  as  an  Art 

It  is  customary  to  discuss  the  question  as  to  whether 
logic  is  an  art  in  an  introductory  textbook  on  logic.  The 
question  is  largely  academic.  Throughout  the  above  dis¬ 
cussion  it  has  been  taken  for  granted  that  logic  is  a  science. 
And  in  the  sense  that  it  is  a  systematized  body  of  knowledge 
the  assumption  is  certainly  justifiable.  This,  logicians  of 
every  school  would  admit.  But  is  logic  an  art,  too?  In 
answering  this  question  we  cannot  do  better  than  to  quote 
from  Joseph’s  Introduction  to  Logic: 

It  is  sometimes  held  that  logic  is  rather  an  art  than  a  science, 
or  at  any  rate  that  it  is  an  art  as  well.  In  considering  this  ques¬ 
tion,  we  must  remember  that  there  are  two  senses  of  the  word 
art.  We  may  say  that  a  man  understands  the  art  of  navigation 
when  he  is  skillful  in  handling  a  ship,  though  he  may  be  unable 
to  explain  the  principles  which  he  follows :  or  we  may  say  that 
he  understands  it,  when  he  is  familiar  with  the  principles  of 
navigation,  as  a  piece  of  book-work,  though  he  may  never  have 
navigated  a  ship.  Thus  an  art  may  either  mean  practical  skill 
in  doing  a  thing  or  theoretical  knowledge  of  the  way  in  which 
it  is  best  done.  In  the  latter  sense  art  presupposes  science;  the 
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rules  of  navigation  are  based  upon  a  knowledge  of  astronomical, 
mechanical,  meteorological  and  physical  laws,  and  presupposes 
much  knowledge  of  mathematical  and  other  sciences.  It  is  in  this 
sense  that  logic  is  called  an  art ;  and  hence  it  is  clear  that  if  there 
is  an  art  of  logic,  there  must  first  be  a  science,  for  the  study  of  the 
nature  of  sound  thinking  must  precede  the  giving  of  instructions 
tor  thinking  soundly.  .  .  .  The  logician’s  business  is  not  to  give 
rules  by  following  which  others  or  he  himself  may  alter  their 
thought  about  things,  their  geometry  or  chemistry  or  biology.  .  . 
His  business  is  to.  become  conscious  of  the  nature  of  the  thinking 
carried  on  in  those  sciences.  Logic  studies  the  way  in  which  we 
already  think  about  things.6 


6  Pp.  9/.  For  a  discussion  of  the  practical  value  of  a  studv  of 
logic  see  Ch.  XXVIII,  below.  ^ 
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CHAPTER  II 


THE  ACT  OF  NAMING  AND  THE  KINDS  OF  TERMS 

The  Intellectual  Act  of  Naming 

Looked  at  from  the  point  of  view  of  an  individual  thinker 
the  act  of  naming  is  the  first  step  in  knowledge.  At  the 
very  beginning  of  modern  logic  Thomas  Hobbes  rightly 
said :  ‘  ‘  Reason  is  attained  by  industry,  first  in  apt  imposing 
of  names.” 

Naming  is  that  intellectual  act,  or  that  thinking  process, 
which  takes  a  particular  word  or  sign  and  uses  it  to  refer 
ft  to  some  identifiable  object  or  quality  or  relation.  As  was 
pointed  out  in  the  last  chapter,  this  process  depends  upon 
there  being  in  nature  a  grouping  of  things,  qualities  and 
relations  which  can  be  recognized.  The  act  of  naming 
begins  with  a  given  content  and  elaborates  it  into  an  intelli¬ 
gible  thought  system  or  inferential  whole.  Every  name 
depends  upon  or,  more  accurately  expressed,  is,  in  its  essen¬ 
tial  meaning,  such  an  inferential  totality.  Thus  in  this  very 
first  act  of  knowledge  the  inferential  whole  is  operative. 
This  is  what  Windelband  meant  when  he  wrote:  ‘‘Every 
idea,  at  every  stage  in  its  development,  has  a  multiplicity 
of  moments,  however  limited,  which,  wThile  distinct  from 
one  another,  are  yet  connected  with  one  another  by  some 
sort  of  relation  into  a  unity.  ’  ’ 1  Thus  a  single  idea  or  name 
is  already  a  complex  whole,  and  is  best  described  as  an 
inferential  whole  or  implicative  system. 

The  objective  element  involved  in  an  act  of  naming,  that 
is  to  say,  the  content  of  the  name,  may  be  a  definite  object 
or  thing,  for  example,  chair,  desk,  tree.  From  the  point  of 

1  Wilhelm  Windelband  in  Arnold  Ruge’s  Encyclopedia  of  the 
Philosophical  Sciences,  Vol.  I,  p.  21. 
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view  of  logic  every  such,  object  is  an  implicative  system. 
Or  the  content  of  a  name  may  be  a  quality  or  attribute, 
thought  of  as  distinct  from  any  object  and  regarded  as 
possessing  independent  reality  like  unto  a  concrete  thing 
or  object,  for  example,  Redness.  Or  the  content  of  a  name 
may  be  a  relation,  thought  of  apart  from  the  group  to  which 
it  belongs,  for  example,  greater  than,  giver  of,  brother  of, 
or  resemblance .2 

Now  to  give  a  name  to  an  implicative  system,  whatever 
it  may  be,  chair,  battle  of  Waterloo,  amceba  or  what  not, 
involves  knowing  it  as  a  distinct  unified  whole.  Thus  even 
in  this  first  stage  of  knowledge,  thought  is  at  work  dis¬ 
tinguishing  definite  qualities  and  relations,  ordering  them 
into  a  system  and  identifying  this  system  with  some  lin¬ 
guistic  element,  for  all  others  as  well  as  for  the  individual 
doing  the  thinking.  So  through  future  time  that  word 
means  that  definite  implicative  system.  Bosanquet  has 
rightly  emphasized  the  overwhelming  importance  for  scien¬ 
tific  knowledge  of  this  intellectual  process  of  naming.  He 
writes : 

The  value  of  this  first  step  is  only  to  be  estimated  by  experi¬ 
ence,  now  necessarily  exceptional,  of  the  attempt  to  attain  knowl¬ 
edge  without  it.  ...  We  find  such  an  instance  in  our  attempts  to 
deal  with  any  new  region  of  knowledge  of  which  we  have  not 
mastered  the  rudiments  and  in  which  we  have  neither  books  nor 
teachers  to  guide  us.  ...  It  is  probable  that  we  think  too  little 
rather  than  too  much  of  naming  as  a  first  step  in  knowledge.  To 
give  names  which  endure  is  with  few  exceptions  the  prerogative  of 
genius.  The  number  of  terms  which  we  inherit  from  Plato  and 
Aristotle  is  among  the  most  striking  proofs  of  the  immense 
advance  which  they  won  for  the  human  intellect.3 

2  The  various  types  of  nameable  objects  themselves  have  names, 
and  they  form  together  the  categories  of  thought.  Here  all  that 
we  are  concerned  with  is  the  fact  that  the  content  of  any  name 
is  always  a  complex  system.  See  the  next  chapter,  on  the  categories 
and  predicables. 

s  Bernard  Bosanquet,  Logic,  Vol.  I,  pp.  8/.  (1st  ed.). 
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In  laboratory  work  in  physics,  chemistry,  biology  or 
psychology,  the  significance  of  the  act  of  naming  is  brought 
home  to  the  student,  in  that  he  is  set  to  perform  essentially 
the  same  experiments  and  observations  which  were  em¬ 
ployed  by  the  scientist  who  first  discovered  and  named  the 
object  under  consideration.  The  student  never  forgets 
what  he  can  be  made  to  discover  for  himself,  because  he 
goes  through  the  intellectual  act  of  naming  in  making  the 
discovery.  Our  example  of  the  amoeba  is  a  case  in  point. 
Once  a  student  has  found  for  himself  in  the  field  of  a 
miscroscope  this  tiny  animal  he  knows  once  and  for  all  the 
reality  to  which  the  name  amoeba  refers.  And  why?  Be¬ 
cause  he  has  gone  through  the  intellectual  activity  which 
that  observer  went  through  who  first  isolated  and  named 
the  amoeba.  Without  any  question  the  value  of  the  act  of 
naming  underlies  the  value  of  the  laboratory  method  in 
education.  To  put  oneself  through  the  process  of  renaming 
an  object  is  really  to  think  the  thoughts  of  master  minds 
after  them. 

The  Name  Equivalent  to  the  Logical  Term 

Names,  viewed  as  distinct  from  the  act  of  naming,  may 
be  defined  as  words  or  groups  of  words  used  to  designate 
a  definite  meaning  or  inferential  whole.  But  the  term  word 
must  not  be  taken  to  restrict  names  to  verbal  language, 
since  various  symbols  are  frequently  used  as  significant 
names.  Not  only  are  mathematical  symbols  examples,  but 
so  also  are  the  brands  which  mark  animals,  and  the  signs 
used  by  hoboes  to  mark  houses.  When  a  name  is  first 
given,  the  particular  word  or  sign  or  symbol  used  is  re¬ 
garded  as  a  mere  convention.  This  was  the  view  of  Aris¬ 
totle.  But  we  must  be  on  our  guard  against  overstating 
this  arbitrariness  of  names.  As  William  James  has  well 
said:  “Names  are  arbitrary,  but  once  understood  they  must 
be  kept  to.  We  mustn’t  now  call  Abel  ‘Cain’  or  Cain 
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‘Abel.’  If  we  do,  we  ungear  ourselves  from  the  whole  book 
of  Genesis,  and  from  all  its  connections  with  the  universe 
of  speech  and  fact  down  to  the  present  time.  We  throw 
ourselves  out  of  whatever  truth  that  entire  system  of  speech 
and  fact  may  embody.  ’  ’  4 

In  a  single  assertion  or  judgment  many  different  names 
may  occur.  But  there  is  a  sense  in  which  all  of  these  may 
be  reduced  to  two.  They  are  the  subject  and  the  predicate 
and  they  are  called  terms.  A  logical  term  is  either  the 
subject  or  the  predicate  of  a  logical  proposition  or  judg¬ 
ment.  Hence,  the  simplest  way  of  conceiving  of  a  judg¬ 
ment  is  to  think  of  it  as  consisting  of  two  logical  terms 
united  by  a  copula,  that  is,  some  form  of  the  verb  to  be, 
preferably  is  or  are.  Take  for  example  the  proposition : 
“The  rose  is  a  beautiful  flower  used  for  decorative  pur¬ 
poses.”  We  have  here  the  logical  term  the  rose  as  subject 
and  the  logical  term  a  beautiful  flower  used  for  decarative 
purposes  as  the  predicate  term.  But  each  of  these  terms 
is  really  a  single  name,  even  though  more  than  one  name 
is  used  in  each.  The  word  the  is  a  name  and  so  is  the  word 
rose,  yet  the  words  taken  together  form  only  one  name. 
Consequently  the  logical  term  is  really  equivalent  to  a 
name.  And  many  times  a  single  name  is  a  logical  term, 
as  in  all  judgments  where  the  subject  or  predicate  is  a 
single  word,  for  example,  “Vermilion  is  poisonous.” 
Names,  then,  become  logical  terms  when  used  in  judgments 
so  that,  for  the  purposes  of  logic,  it  is  better  to  use  the 
word  term  to  designate  them.  In  a  judgment  we  have  two 
separate  thought  systems,  brought  together  into  a  single 
system  by  virtue  of  the  fact  that  each  is  really  in  the  nature 
of  things  only  a  fragment  of  the  larger  system.  The  judg¬ 
ment  or  proposition  is  in  turn  only  a  complex  name  of  a 
single  implicative  system. 


4  William  James,  Pragmatism,  p.  214. 
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Kinds  of  Terms 

1.  Concrete  and  Abstract  Terms.  There  are  two  entirely 
different  meanings  of  the  words  concrete  and  abstract.  In 
one  sense  wre  mean  by  concrete  what  is  capable  of  being 
perceived  by  the  senses,  for  example,  an  apple,  a  patch  of 
red.  In  this  same  sense  every  non-sensuous  object  is  ab¬ 
stract,  for  example,  thought,  goodness,  love. 

In  the  other  sense  we  mean  by  a  concrete  term  one  which 
designates  a  definite  object  or  thing  thought  of  as  invested 
with  all  its  qualities  and  relations,  be  it  sensuous  or  non- 
sensuous.  Examples  of  concrete  names  in  this  sense  are: 
this  desk,  the  Washington  elm,  the  man  in  the  moon,  the 
centaur,  the  absolute,  that  great  Leviathan — the  state.  In 
the  same  sense  a  quality  or  relation  considered  apart  from 
any  particular  object  is  called  an  abstract  term.  Sweetness, 
hardness,  dryness,  audacity,  motion,  length,  absoluteness 
are  examples.  It  should  be  especially  noted,  and  the  ex¬ 
amples  given  are  intended  to  emphasize  the  fact,  that  the 
object  referred  to  by  a  concrete  name  may  be  an  imaginary 
or  conceptual  object  as  well  as  a  physical  object.  So  also 
the  quality  referred  to  by  an  abstract  name  may  be  re¬ 
garded  as  itself  an  object.  Mellone  gives  the  example, 
“Unpunctuality  is  irritating,”  where  unpunctuality  is 
treated  as  an  object.  Goodness,  regarded  as  a  Platonic 
form,  is  another  example. 

In  this  second  signification,  the  distinction  between 
abstract  and  concrete  terms  is  only  a  relative  distinction. 
Every  name  refers  to  some  recognizable  identity  in  the 
actual  world  of  our  knowledge.  Yet  every  name  is  abstract 
in  the  sense  that  what  it  refers  to  is,  to  a  certain  extent, 
viewed  in  separation  from  the  total  system  to  which  it 
belongs.  Human  knowledge  is  always  fragmentary  for  the 
individual  thinker.  Every  name  refers  to  a  definite  im¬ 
plicative  system,  but  the  human  mind  views  it  as  inde¬ 
pendent  of  other  implicative  systems  of  which  it  is  really 
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a  member.  In  tbe  former  sense  every  name  is  concrete, 
and  in  the  latter  sense  every  name  is  abstract. 

This  explains  the  so-called  equivocal  or  ambiguous  names 
of  which  many  logicians  make  so  much.  Such  names  refer 
to  two  or  more  different  implicative  systems.  For  example, 
the  word  spade  is  the  name  of  a  playing  card  and  of  an 
instrument  used  in  digging.  Here  a  confusion  between  the 
two  implicative  systems  involved  is  hardly  possible.  But 
an  ambiguous  abstract  term  such  as  law  or  freedom  must 
be  carefully  considered  to  avoid  confusion.  For  instance, 
consider  the  two  implicative  systems  involved  in  the  phrases 
law  of  nature”  and  “law  of  the  land.”  Such  names  are 
ambiguous  until  the  actual  inferential  whole  intended  in 
the  context  in  which  the  name  is  used  is  understood.  Some 
words  are  abstract  in  one  context  and  concrete  in  another 
because  the  underlying  implicative  system  is  different  or 
viewed  from  a  different  angle  in  each  case.  Many  discus¬ 
sions  in  logic,  as  well  as  in  other  subjects,  are  little  more 
than  mere  verbal  quibbling  because  the  underlying  inferen¬ 
tial  whole  is  not  kept  in  mind  by  the  disputants.  After  a 
long  and  heated  argument  a  theologian  is  said  to  have 
remarked  to  his  adversary:  “Oh,  I  see,  your  God  is  my 
devil.”  Ambiguity  does  not  attach  to  the  inferential  whole 
which  the  name  designates,  but  to  the  use  of  words.  Con¬ 
sequently  it,  is  a  matter  of  language  rather  than  logic. 

2.  Singular  and  General  Terms.  A  singular  name  is 
one  which  designates  one  and  only  one  object.  If  there  is 
more  than  one  object  exactly  like  the  one  being  named,  and 
the  name  given  is  of  such  a  character  as  to  apply  to  these 
other  similar  objects,  it  is  not  a  singular  term.  Every 
singular  name  is  restricted  in  its  meaning  to  a  single  in¬ 
stance.  Examples  are :  the  death  of  Queen  Victoria,  the 
center  of  the  material  universe,  the  treaty  of  Versailles, 
the  Russian  Soviet  Government,  and  all  proper  names. 
Even  proper  names  such  as  John  Smith  or  Tom  Brown  are 
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still  regarded  as  singular  although  there  are  numerous 
individuals,  human  beings,  pets,  fictitious  characters,  who 
have  the  same  name,  since  every  individual  is  viewed  as 
unique  and  distinctly  different  from  every  other  having 
that  name.  The  only  case  in  which  a  proper  name  loses 
its  singular  character  is  when  it  is  used  to  refer  to  a  class 
of  objects  as  in  the  statement:  “A  Daniel  come  to  judg¬ 
ment.”  But  a  general  name  may  also  become  a  singular 
name.  Prefixing  the,  this,  that  always  makes  a  general 
term  singular,  because  it  limits  the  meaning  to  a  definite 
object. 

A  general  or  common  term  is  one  that  may  refer  equally 
well  to  a  number  of  individuals  because  the  individuals  are 
near  enough  alike  that,  for  practical  purposes,  it  is  con¬ 
venient  to  ignore  their  differences.  Such  names  really 
refer  to  the  whole  class  of  objects  having  certain  definable 
attributes  without  specifying  any  particular  object  belong¬ 
ing  to  the  class.  Examples  are :  book,  war,  submarine, 
sailor,  fair,  a  long  trail,  a  flying  trip  to  New  York. 

3.  Distributive  and  Collective  Terms.  Whenever  a  term 
is  used  in  reference  to  each  individual  of  a  class  separately, 
and  not  to  those  individuals  as  making  up  the  whole  class 
it  is  said  to  be  a  distributive  term.  All  general  terms  are 
ordinarily  so  used.  They  are  the  names  of  a  number  of 
separate  objects,  but  they  may  refer  to  each  one  of  this 
number  separately.  Distributive  terms  are  applicable  “in 
the  same  sense  equally  to  any  one  of  an  indefinite  number 
of  objects  which  resemble  each  other  in  certain  qualities” 
( Jevons) .  Policy,  planet,  rope,  automobile  and  university 
are  all  distributive  terms. 

Collective  terms,  on  the  other  hand,  are  those  which 
refer  to  a  group  in  a  way  that  cannot  be  applied  to  the 
individuals  making  up  the  group.  A  good  example  is  herd. 
The  individuals  in  a  herd  cannot  be  referred  to  as  indi¬ 
viduals  by  this  term,  but  must  be  referred  to  by  some  other 
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term  such,  as  sheep  or  buffalo.  For  this  reason  sheep  and 
buffalo  are  distributive  terms,  whereas  herd  is  a  collective 
term.  One  cannot  speak  of  a  single  buffalo  as  a  herd. 
Nevertheless  the  term  herd  may  be  either  singular  or  gen¬ 
eral  in  usage,  because  it  may  mean  a  definite  herd — that 
herd,  or  it  may  mean  any  herd  or  any  kind  of  herd,  for 
instance,  herds  of  wild  reindeer  in  northern  Canada,  herds 
of  goats,  herds  of  cattle.  Thus  in  the  sentence:  “The 
dwellers  of  the  deep,  in  mighty  herds,  passed  by  us,”  the 
term  herd  is  collective  but  also  general.  Senate  is  a  col¬ 
lective  name  used  as  a  singular  name  when  the  United  States 
Senate  is  referred  to,  but  as  a  general  name  in  the  sentence : 

‘  ‘  All  the  states  have  a  senate.  ’  ’  But  note  that  the  collective 
term,  when  used  as  a  general  term,  refers  always  to  the 
separate  groups  and  not  to  the  separate  constituent  mem¬ 
bers  of  those  groups.  For  instance,  in  reference  to  each 
of  the  separate  state  senates,  the  term  senate  is  distribu¬ 
tive,  but  not  in  reference  to  each  senator. 

Thus,  the  collective  name  is  logically  reducible  to  a  gen¬ 
eral  or  a  singular  name.  Many  collective  names  have  a 
distributive  aspect  and  are,  therefore,  general  as  well  as 
collective.  The  word  all  is  sometimes  confusing  because  it 
may  mean  either  all  taken  together  as  a  group,  or  each  and 
every  member  of  a  group.  For  example:  “All  the  regi¬ 
ments  are  ready  for  action”  uses  the  collective  term  regi¬ 
ment  in  a  distributive  sense.  But  “Madelon  is  true  to  all 
the  regiment”  uses  the  collective  term  regiment  in  a  singu¬ 
lar  sense,  meaning  the  whole  regiment  to  which  Madelon 
is  supposed  to  belong  as  a  kind  of  mascot.  But  if  being 
true  to  all  the  regiment  is  taken  to  mean  true  to  each  and 
every  man,  instead  of  to  the  regiment  as  a  whole,  we  have 
a  collective  term  used  as  a  distributive  term  in  the  wrong 
way,  that  is,  being  true  to  all  the  regiment  should  never 
be  taken  to  mean  each  and  every  member  of  the  regiment, 
but  only  the  regiment  as  a  whole.  In  every  case  the  actual 
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underlying  implicative  system  determines  the  meaning,  or, 
actually  is  the  meaning,  and  we  are  always  thrown  back 
upon  that  when  we  are  confronted  with  the  problem  of 
determining  whether  a  term  is  distributive  or  collective. 

4.  Absolute,  Relative  and  Correlative  Terms.  An  abso¬ 
lute  term  is  the  name  of  any  object,  quality  or  relation 
conceived  of  as  an  independent  entity.  As  a  matter  of  fact 
no  object,  quality  or  relation  is  entirely  independent,  but 
it  is  necessary  to  treat  many  objects  as  absolute  for  the 
purposes  in  hand.  Hence,  all  absolute  names  are  only  rela¬ 
tively  absolute.  Examples  are:  the  battle  of  the  Marne, 
Flanders  Field,  sky,  ether,  space,  time,  color  and  weight. 

Relative  terms  are  names  of  things  viewed  as  having  some 
definite  relation  to  some  other  individual  or  object.  Rela¬ 
tive  names  refer  either  to  the  relation  or  relations  between 
such  objects,  or  to  the  things  which  stand  in  that  relation. 
Examples  are:  father,  cousin,  better,  west,  similarity, 
equality. 

Correlative  terms  are  names  of  the  two  objects  or  end 
terms  of  a  dyadic  or  dual  relation.  Relations  are  spoken 
of  as  dyadic  when  they  have  two  terms,  triadic  when  they 
have  three  terms,  tetradie  when  they  have  four  terms  and 
polyadic  when  they  have  many  terms.  Ordinarily  the 
names  of  dyadic  relations  only  are  regarded  as  correlatives, 
but  in  the  broad  sense  of  the  word,  correlative  may  include 
other  relations  besides  the  dyadic.  In  this  case  one  term  is 
called  the  relate  and  all  the  others  are  said  to  be  the  cor¬ 
relates  of  it.  For  example,  if  buyer  be  taken  as  a  relate, 
seller,  commodity ,  and  price  would  be  called  correlates  of  it. 
Considered  together,  all  four  terms  would  be  correlatives. 
But  in  the  usual  logic  textbooks  the  term  correlative  is 
restricted  to  dyadic  relations,  that  is,  those  having  only  one 
relate  and  one  correlate.  Examples  are:  master  and  serv¬ 
ant,  prince  and  subject,  uncle  and  nephew  or  niece,  instru¬ 
ment  and  end. 
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It  is  a  much  disputed  question  as  to  whether  correlative 
names  are  necessarily  thought  together.  Herbert  Spencer 
called  the  theory  that  they  are  necessarily  thought  together, 
the  doctrine  of  correlatives.  Now  the  fact  that  each  relate 
and  correlate  is  really  a  fragment  of  a  system  constituted 
by  the  relations  which  hold  them  together,  or  since  they 
form  an  implicative  system,  it  follows  that  the  doctrine  of 
correlatives  is  true,  providing  one  really  thinks  through  the 
implications  of  a  given  correlative. 

It  should  also  be  mentioned  that  the  name  of  the  relation 
itself,  as  distinct  from  the  terms  of  the  relation,  may  be 
taken  as  an  absolute  term.  For  example,  the  relation  of 
sovereignty  which  underlies  the  correlatives  prince  and 
subject  may  be  so  taken. 

5.  Positive  and  Negative  Terms.  A  positive  term  is 
usually  defined  as  one  referring  to  the  presence  of  any 
quality  or  qualities,  whereas  a  negative  term  is  defined  as 
one  referring  to  its  absence.  Thus  John  Locke  wrote: 
“We  have  negative  names  which  stand  not  directly  for 
positive  ideas,  but  for  their  absence,  such  as  insipid,  silence, 
nihil,  etc.,  which  words  denote  positive  ideas,  for  example, 
taste  and  sound,  but  with  a  signification  of  their  absence.” 
Present-day  logicians  generally  agree  that  names  are  never 
purely  negative  in  the  sense  of  referring  to  the  absence  of 
a  quality.  As  Joseph  wittily  puts  it:  “The  Irishman’s 
receipt  for  making  a  gun,  to  take  a  hole  and  pour  iron 
around  it,  is  not  more  difficult  to  execute  than  it  would  be 
to  frame  a  term  whose  meaning  consisted  simply  in  the 
fact  that  a  particular  quality  was  not  meant.  A  term  must 
have  some  positive  meaning  in  order  to  be  a  term  at  all.” 5  6 

5  H.  W.  B.  Joseph,  An  Introduction  to  Logic,  p.  41.  Boyce  and 
Bosauquet  take  the  same  position.  Boyce’s  detailed  setting  forth  of 
the  meaning  of  what  he  calls  the  not-relation  is  very  suggestive. 

See  his  article  entitled  “Negation”  in  Hastings’  Encyclopedia  of 
Religion  and  Ethics  (Scribners).  The  quotation  from  Boyce  below 
is  from  this  article. 
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What  is  the  positive  basis  of  negative  names  ?  Or,  to  put 
it  differently,  what  is  the  fact,  the  factual  content,  the  part 
of  the  nature  of  things,  referred  to  by  a  negative  name? 
Logicians  used  to  answer  this  question  by  saying  that  it  is 
literally  everything  else  in  the  universe  except  that  which 
is  referred  to  by  the  corresponding  positive  name.  For 
every  positive  name  there  is  a  corresponding  negative  or 
opposite,  and  the  two  are  said  to  divide  the  whole  of  reality 
or  the  whole  universe  between  them.  To  get  the  exact 
opposite  of  a  given  positive  term  the  best  way  is  to  prefix 
the  word  non  or  not  to  the  positive  term  in  the  cases  where 
it  is  a  single  word,  and  to  put  the  word  not  into  a  relative 
clause  when  the  term  consists  of  several  words.  Thus  the 
opposite  of  black  is  not,  as  we  usually  think,  white,  but  non¬ 
black.  And  the  opposite  of,  “food  which  is  good  for  an  in¬ 
valid”  is,  “food  which  is  not  good  for  an  invalid.”  The 
exact  opposite  of  a  positive  term  is  its  contradictory  or  true 
negative.  Many  supposed  negatives  are  really  not  op¬ 
posites  hut  only  different  in  degree.  These  are  called  con¬ 
traries.  White  is  the  contrary  of  black  because  it  differs 
from  black  only  in  degree  and  there  are  many  shades  of 
gray  in  between.  But  non-black  is  the  absolute  or  exact 
opposite  of  black.  Now  what  is  the  actual  content  of  one 
of  these  real  contradictory  or  negative  terms?  Is  it  all  the 
rest  of  the  universe  except  what  is  included  in  the  positive 
terms  of  which  it  is  the  negative?  To  take  a  specific  ex¬ 
ample  :  Is  the  positive  basis  of  the  term  non-man  chairs, 
canoes,  lakes,  all  inorganic  objects,  all  plants,  all  lower 
animals,  literally  everything  except  man  ?  Strictly  speaking, 
the  only  answer  to  this  question  is  “yes.  ”  The  positive  basis 
of  a  negative  term  is  everything  except  that  object.  Such 
negative  terms  are  known  as  infinite  terms. 

Yet  even  a  logician  must  admit  that  it  sounds  like  pure 
unadulterated  nonsense  to  speak  of  a  lake  or  a  canoe  as  a 
non-man.  This  is  because  the  infinite  negative  term  is 
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rarely,  if  ever,  actually  used  in  practical  life.  In  our  con¬ 
stant  use  of  terms  in  everyday  reasoning  we  tacitly  restrict 
their  scope  to  some  definite  circle  of  facts.  This  comes  to 
expression  in  the  retort,  which  is  frequently  made  when 
some  one  takes  exception  to  what  is  said:  “Yes,  but  I  did 
not  intend  to  refer  to  that  when  I  used  the  words,  I  was 
confining  myself  to  so  and  so.”  Now  this  so-and-so,  to 
which  we  tacitly  limit  ourselves  in  using  terms  in  ordinary 
life,  is  called  by  logicians  the  universe  of  discourse,6  and 
it  has  a  special  value,  in  that  it  enables  us  to  explain  what 
is  meant  by  the  positive  basis  of  negative  names  without 
resorting  to  the  infinite  term.  For  in  every  usage  of  a  term 
there  is  always  some  fairly  definite  universe  of  discourse 
which  is  tacitly  implied.  And  this  is  the  positive  basis  for 
both  the  positive  and  the  negative  terms  used  in  reference 
to  it.  The  universe  of  discourse  may  vary  almost  without 
limit.  As  Venn  says,  it  may  be  extended  “to  embrace  the 
sum  total  of  logical  existence,  ’  ’  and  then  the  negative  term 
will  embrace  “the  unlimited  myriad  of  entities  which  peo¬ 
ple  that  heterogeneous  realm.”  Or,  on  the  other  hand,  it 
may  be  narrowed  to  include  only  a  few  objects  of  a  similar 
nature,  and  then  the  negative  term  will  have  for  its  positive 
basis  just  the  ones  among  those  few  which  are  not  desig¬ 
nated  by  the  positive  term.  Thus,  to  use  one  of  Venn’s 
suggestive  examples,  “We  might  limit  our  application  of 
the  terms  good  and  non-good  to  the  London  cabs  with  odd 
numbers.”  Here  the  universe  of  discourse  would  be  Lon¬ 
don  cabs  with  odd  numbers.  Those  fit  for  service  would 
be  called  good  and  those  unfit  for  service  would  be  called 
non-good.  From  this  point  of  view  positive  and  negative 
terms  do  not  divide  the  whole  of  reality  between  them,  but 

6  This  fruitful  conception  was  introduced  into  logic  by  the  great 
English  logician,  De  Morgan.  John  Venn  devoted  a  chapter  to  its 
elaboration  in  his  Symbolic  Logic  (Ch.  IX),  and  thereby  brought 
the  expression  into  general  logical  usage. 
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only  the  universe  of  discourse—  that  region  of  facts  which 
is  under  consideration  in  the  discussion  where  the  two  terms 
are  used.  This  makes  possible  a  far  more  definite  inter¬ 
pretation  of  the  meaning  of  the  positive  basis  of  a  negative 
term  than  can  be  given  with  the  conception  of  the  infinite 
term. 

An  excellent  illustration  of  what  is  meant  by  a  positive 
basis  for  negative  names,  based  on  an  interpretation  of 
Hamlet’s  soliloquy,  is  given  by  Royce : 

In  the  opening  words  of  Hamlet’s  soliloquy,  “To  be  or  not  to 
be,^  that  is  the  question,”  “not  to  be”  involves  a  negation  of  “to 
be” ;  both  the  expressions  “to  be”  and  “not  to  be”  refer  to  possible 
modes  of  action.  “To  be,”  as  Hamlet  explains,  includes  in  its 
meaning  to  bear  the  ills  we  have” ;  it  names  a  mode  of  action 
which  any  man  who  chooses  to  continue  his  life  decides  to  adopt ; 
“not  to  be”  involves  a  course  of  action,  namely,  committing  sui¬ 
cide,  which  is  treated  by  Hamlet  as  the  negation  of  continuing 
to  live. 

Thus,  in  the  universe  of  discourse  known  as  human  exist¬ 
ence,  committing  suicide  is  the  positive  basis  of  the  nega¬ 
tive  term  “not  to  be.”  In  like  manner,  every  negative 
name  has  a  positive  basis.  It  is  not  easy  to  state  what  it  is 
in  every  case,  but  nevertheless  it  is  real. 

Privative  terms  are  sometimes  distinguished  from  nega¬ 
tive  terms  by  the  fact  that  they  refer  to  the  absence  of  a 
quality  which  would  naturally  be  present  in  normal  cases, 
but  for  some  reason  does  not  happen  to  be  present  in  the 
case  under  consideration.  The  absence,  or  privation  of  a 
positive  quality,  offers  the  only  explanation  for  such  names. 
But  even  privative  names  have  a  positive  basis  over  and 
above  this  absence  of  a  quality.  Blindness  is  an  example, 
and  such  a  name  has  a  very  definite  positive  content.  Mil- 
ton’s  immortal  description  of  his  own  blindness  is  an  ex¬ 
cellent  account  of  the  positive  basis  of  this  particular 
privative  term. 


28 


THE  PRINCIPLES  OF  REASONING- 


.  .  .  Thus  with  the  year 
Seasons  return;  but  not  to  me  returns 
Day,  or  the  sweet  approach  of  even  or  morn, 

Or  sight  of  vernal  bloom,  or  summer’s  rose, 

Or  flocks,  or  herds,  or  human  face  divine; 

But  cloud  instead,  and  ever-during  dark 
Surrounds  me.  .  .  . 

Thus  all  negative  terms,  including  the  so-called  privative 
negative  terms,  have  a  positive  basis.  They  always  mean 
something  more  than  the  mere  absence  of  a  quality. 


Exekcise  I 


1.  Classify  the  following  terms :  (1)  according  to  whether  they 
are  abstract  or  concrete  in  the  first  sense,  and  (2)  according  to 
whether  they  are  abstract  or  concrete  in  the  second  sense: 


(a)  bushel 

(b)  a  grain  of  wheat 

(c)  circle 

( d )  an  oriental  poppy 

(e)  Harvard  University 


(/)  the  Congressional  Library 

( g )  Mount  Vernon 

(h)  the  square  root  of  65 

(i)  dinosaur 
ij)  logic 


2.  Arrange  the  terms  in  the  following  list  under  the  headings, 
(1)  singular  and  general,  (2)  distributive  and  collective,  (3)  abso¬ 
lute  and  relative.  Give  the  contradictory  of  each : 


(a)  the  friendly  arctic 

(i) 

nephew 

(b) 

a  school  of  catfish 

(j) 

labor  that  is  trustworthy 

(c) 

atom 

(k) 

seasickness 

( d ) 

The  British  Navy 

( l ) 

battle 

(e) 

Humane  Society 

(m) 

transportation 

(/) 

amoeba 

(n) 

medicine 

(9) 

sun  spots 

(o) 

helpfulness 

( h ) 

country  life 

(V) 

Art’s  College  faculty 

3.  Select  two  terms  from  either  of  the  above  lists  and  show 
how  each  might  illustrate  the  idea  of  a  universe  of  discourse. 
Indicate  what  the  positive  basis  for  each  of  the  negatives  would 
be.  What  would  the  infinite  negative  for  each  be? 

4.  Give  two  pairs  of  correlatives.  What  would  the  negative 
term  for  each  of  the  con’elatives  be? 
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5.  Give  one  example  of  a  triadic  relation. 

6.  State  which  two  of  the  divisions  of  terms  given  in  this  chap¬ 
ter  you  take  to  be  the  most  important,  and  explain  carefully  why 
you  think  so. 

7.  Illustrate  and  explain  the  difference  between  contraries  and 
contradictories.  Why  is  this  distinction  important  in  logic? 

8.  Illustrate  and  explain  the  ambiguity  in  the  word  “all.” 


CHAPTER  III 


THE  CATEGORIES  AND  THE  PREDICABLES 

What  a  Category  Is 

In  distinguishing  between  the  various  kinds  of  terms  in 
Chapter  II  we  had  to  make  use  of  fundamental  notions 
such  as  object,  quality,  and  relation.  These  are  certain 
basic  kinds  of  reality  which  are  dealt  with  in  knowledge. 
Now  the  question  arises  whether  they  constitute  the  only 
kinds  of  existence  there  are,  so  that  ultimately  every  name 
can  be  referred  back  to  one  of  these  three.  What  are  the 
different  types  of  knowable  entities  ?  is  the  question  we  have 
to  answer  in  working  out  a  list  of  categories.  Hence  we 
may  define  a  category  as  the,  most  genera 1  kind  of  exist¬ 

ence  nr  reality  which  ami  mentinnahlp,  object  can  have. 
When  the  thought  content  of  any  term  whatsoever  has  been 
referred  back  or  placed  under  its  proper  category,  think¬ 
ing  about  that  particular  thought  content  has  reached  its 
culmination. 

Or  we  may  regard  the  categories  from  the  point  of  view 
of  their  function  or  use  in  thinking.  For  we  use  them  in 
every  act  of  thought.  They  are  the  indispensable  prerequi¬ 
site  of  any  thinking  whatever.  Thoroughgoing  analysis 
always  brings  to  light  certain  field  ideas  which  constitute 
the  background  of  all  thought.  Long  before  an  individual 
becomes  conscious  of  them  as  facts  he  is  using  them  in  his 
thinking.  That  is  to  say,  in  every-day  life  we  use  them 
without  knowing  that  we  use  them,  without  separating  them 
out  and  making  them  definite  objects  of  thought.  We 
think  with  them  long  before  we  think  about  them.  Thus, 
for  example,  the  conception  of  substance  and  attribute 
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enters  in  some  fashion  or  other  into  practically  every  item 
of  human  knowledge.  “We  use  the  conception  of  sub¬ 
stance  and  attribute  at  every  step,  but  we  do  so  uncon¬ 
sciously”  (Lossky).  Now  it  is  the  business  of  logic  to 
isolate  these  field  ideas  called  categories.  The  logician  must 
bring  the  instruments  of  thought  before  the  mind  so  that 
they  can  be  made  objects  of  study. 

How  absolutely  fundamental  categories  are,  can  be  made 
clear  by  an  analogy.  In  the  zoological  laboratory  you  study 
microscopic  animals  and  parts  of  animals.  To  enlarge  these 
tiny  organisms,  so  that  their  activities  and  structure  can 
be  accurately  observed,  an  instrument  known  as  the  micro¬ 
scope  is  indispensable.  You  are  not  studying  the  micro¬ 
scope  when  you  are  looking  through  it  at  an  amoeba,  but 
you  are  studying  the  amoeba  and  its  activities  in  the  drop 
of  water  which  constitutes  the  field  of  vision.  You  have 
to  disregard  the  instrument  which  makes  the  amoeba  visible 
in  order  to  study  the  behavior  of  the  animal.  Yet  without 
that  instrument  you  could  not  know  what  microscopic  ani¬ 
mals  are,  because  you  could  not  see  them,  you  could  not 
observe  their  unique  structure  and  their  interesting  habits. 
Now  the  categories  stand  in  a  similar  relation  to  all  objects 
whatsoever  as  the  microscope  stands  to  these  tiny  animals. 
Without  field  ideas  or  categories,  no  one  can  think  about 
an  object.  They  are  the  forms  or  structural  beams  that 
run  through  all  reality,  as  well  as  through  all  thought  about 
reality.  They  give  order  and  shape  to  whatever  you  think. 
Indeed  it  is  literally  true  that  they  give  “to  airy  nothing 
a  local  habitation  and  a  name.”  The  objects  of  our 
thought  simply  cannot  be  objects  of  thought  without 
taking  on  the  form  of  some  definite  category.  With  this 
statement  of  what  a  category  is  we  are  ready  to  return  to 
the  question  from  which  we  started :  How  many  categories 
'are  there?  Are  substance  and  attribute,  quality  and  rela¬ 
tion  the  only  categories  or  field  ideas  necessary  to  thought  ? 
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Can  everything  we  think  about  be  reduced  to  one  or  the 
other  of  these? 

Aristotle’s  List  of  Categories 

Now  in  answering  these  questions,  it  must  be  admitted 
that  different  logicians  give  different  lists  of  the  categories. 
What  one  logician  regards  as  a  basic  category  another  will 
subsume  under  something  else.  So  it  is  very  difficult  to 
give  a  list  which  cannot  be  criticized  as  containing  too 
many  or  too  few.  But  suppose  we  hold  that  there  are  more 
ultimate  kinds  of  existence  or  being  than  substances,  quali¬ 
ties  and  relations.  What  are  the  other  kinds?  To  answer 
this  question  it  suits  my  purpose  best  to  give  the  list  worked 
out  by  Aristotle,  even  though  I  recognize  that  some  of  the 
categories  on  his  list  may  be  reduced  to  others. 

1.  Substance.  Anything  thought  of  as  relatively  inde¬ 
pendent  of  everything  else,  and  as  holding  within  itself 
various  differences  or  modifications  called  attributes,  is  a 
substance.  All  sense  objects,  that  is,  animals,  plants,  manu¬ 
factured  objects  like  chairs,  desks,  houses,  all  chemical 
elements,  etc.,  are  thought  of  as  belonging  to  the  category 
of  substance.  Aristotle  regarded  this  as  the  most  funda¬ 
mental  category.  Certain  it  is  that  we  cannot  think  with¬ 
out  it.  The  expression  reality,  which  has  been  used  often 
in  this  textbook,  may  be  regarded  as  synonymous  with 
the  category  of  substance  in  its  widest  extent.  In  this  sense 
the  category  of  reality  may  be  regarded  as  the  one  abso¬ 
lutely  ultimate  category.  Now  substances  are  of  two  dif¬ 
ferent  kinds.  I  have  mentioned  concrete  sense  objects. 
But  we  commonly  treat  all  names  of  kinds  or  types  of 
objects  as  belonging  to  the  category  of  substance.  For 
example,  the  superdreadnaught,  U.  S.  S.  Texas,  belongs  to 
the  category  of  substance,  but  so  also  does  the  kind  name 
ship.  Endless  disputes  are  indulged  in  by  logicians  over 
the  nature  of  substance,  both  as  to  individual  substances 
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and  as  to  kinds  or  universals  or  types.  But  this  is  really 
a  question  of  systematic  philosophy  or  metaphysics,  or  at 
least  of  advanced  rather  than  a  question  of  elementary 
logic.  It  is  sufficient  here  to  remark  that  there  are  about 
every  object  aspects  which  do  not  belong  to  the  category 
of  substance,  either  in  the  sense  of  individual  substance  or 
in  the  sense  of  kind  or  universal  substance.  All  that  can 
be  taken  away  from  a  substance  is  regarded  as  being  some¬ 
thing  other  than  substance. 

2.  Quantity.  The  measurable  aspect  of  substances  is 
called  quantity.  This  category  is  exceedingly  fundamental. 
We  cannot  get  along  in  practical  life  without  using  the 
category  of  quantity  repeatedly.  Thus  large  and  heavy, 
and  all  degrees  of  these  and  all  degrees  of  anything  what¬ 
ever  are  thought  with  the  category  of  quantity.  What  is 
a  pound?  We  are  at  a  standstill  when  we  say  that  it  is  a 
certain  definite  quantity. 

3.  Quality.  Much  of  an  object  reduces  on  analysis  to 
sensible  qualities.  Synonyms  for  quality  are  characteristic, 
attribute,  or  mark.  Every  substance  may  be  said  to  con¬ 
sist  of  a  number  of  different  aspects  or  attributes,  and  these 
are  called  its  qualities.  Hardness,  softness,  solidity,  blue¬ 
ness,  agility,  swiftness  are  examples  of  qualities.  When 
we  are  asked  to  tell  what  these  are  we  cannot  go  further 
than  to  say  that  they  are  just  qualities.  They  are  not  sub¬ 
stances  and  they  are  not  quantities,  although  they  may 
admit  of  degree  and  hence  may  be  measurable  or  have  a 
quantitative  aspect.  But  in  general  quantity  and  quality 
are  regarded  as  opposite  kinds  of  existence. 

4.  Relation.  A  relation  is  a  character  which  an  object 
has  as  a  member  of  a  collection  or  whole.  In  modern  logic 
this  category  is  universally  recognized  as  of  primary  im¬ 
portance,  and  some  logicians  would  reduce  most  of  Aris¬ 
totle’s  categories  to  this  one.  Our  discussion  of  relative 
terms  in  Chapter  II  was  really  a  discussion  of  this  category, 
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and  the  student  is  referred  to  that  section  for  examples 
of  relations. 

5,  6.  Time  and  Place  {Space).  Here  again  we  have  diffi¬ 
culty  in  defining  what  is  meant.  To  paraphrase  St.  Augus¬ 
tine’s  words :  “We  know  what  space  and  time  are,  when  no 
one  asks  us  what  they  are,  but  if  any  one  has  the  audacity  to 
ask  us  to  say  what  they  are,  we  do  not  know  what  they 
are.”  That  is  because  they  are  really  ultimate  ideas  in 
terms  of  which  other  things  are  defined,  but  which  can¬ 
not  themselves  be  satisfactorily  defined.  But  modern 
logicians  are  at  one  in  reducing  space  and  time  to  rela¬ 
tions,  the  relation  of  extension  is  space  and  the  relation 
of  duration  is  time.  Thus,  space  and  time  are  really  the 
same  as  spatial  and  temporal  relations.  But  even  though 
we  admit  that  this  does  not  enlighten  us  as  to  what  space 
and  time  in  themselves  are,  we  all  know  that  many  things 
cannot  be  defined  except  as  being  either  a  space  or  a  time. 
Thus,  yesterday  belongs  to  the  category  of  time,  and  the 
north  pole  is  a  place.  Again,  when  falls  under  the  category 
of  time  but  where  and  there  fall  under  the  category  of 
place. 

7.  Situation.  When  we  speak  of  an  object  being  in  a 
certain  situation  we  really  mean  something  different  from 
being  in  a  certain  place,  although  situation  obviously  in¬ 
volves  being  in  a  place.  A  perfectly  round  sphere,  for 
example,  is  always  in  the  same  situation  no  matter  what 
place  it  is  in,  whereas  a  man  may  be  regarded  as  either 
erect  or  reclining  while  occupying  exactly  the  same  place. 
For  this  reason  Aristotle  distinguished  the  category  of 
situation  from  that  of  place.  What  is  horizontal  and  what 
is  perpendicular ?  You  can  only  answer  by  saying  that 
they  are  situations. 

8.  State  or  Condition.  The  manner  in  which  a  thing 
capable  of  change  exists  at  a  certain  time,  as  distinct  from 
the  manner  in  which  it  exists  at  another  time,  is  called  its 
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state  or  condition.  Thus  ice  is  a  state  or  condition  of 
water,  war  and  peace  are  states  or  conditions  of  nations, 
and  fever  is  a  state  or  condition  of  the  body.  State  or  con¬ 
dition  Aristotle  regarded  as  an  ultimate  form  of  being. 
The  only  way  you  can  define  fever,  when  you  go  as  far  as 
you  can  go,  is  to  say  that  it  is  a  state  or  condition. 

9,  10.  Activity  and  Passivity.  A  great  many  names 
have  to  do  with  motion.  Cutting,  fighting,  running  are  all 
reducible  to  the  category  of  activity.  We  can  hardly  define 
motion  except  as  an  ultimate  category  of  our  thinking  and 
of  existing  things.  Many  logicians  reduce  the  category  of 
motion  or  activity  to  the  relation  of  duration  or  time. 
There  is  no  question  but  what  motion  and  the  stream  of 
time  are  closely  related,  but  are  they  really  identical? 
Passivity  refers  to  an  object  as  a  recipient  of  activity. 
Hence  both  these  Aristotelian  categories  can  be  reduced  to 
motion  or  change.  Examples  of  the  category  of  passivity 
are  being  horsewhipped,  or  being  tarred  and  feathered. 

We  realize  the  great  significance  of  this  list  of  categories 
when  we  take  a  simple  sentence  such  as:  “Bill’s  bay  horse 
is  running  at  breakneck  speed  down  Main  Street,  hitched 
between  the  shafts  of  a  new  buggy,  ’  ’  and  refer  each  of  the 
names  in  it  to  its  proper  category.  For  this  shows  how 
much  we  use  the  Aristotelian  categories  in  every-day  life 
without  being  conscious  of  the  fact.  Thus,  the  word  Bill 
belongs  to  the  category  of  substance  in  the  individual  sense 
because  it  is  the  name  of  a  man,  but  the  possessive  indi¬ 
cates  a  relation  between  Bill  and  the  horse,  namely,  the 
relation  of  ownership.  Bay  is  a  quality,  horse  is  an  indi¬ 
vidual  substance,  running  is  an  activity,  breakneck  speed 
is  a  state  or  condition  of  the  horse,  down  is  a  relation,  Main 
Street  is  a  place,  hitched  is  passivity  or  condition,  and 
between  is  a  relation.  The  shafts  are  individual  substances, 
but  of  defines  their  relation  to  the  buggy,  which  is  another 
individual  substance.  New  is  a  quality  and  the  word  is 
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has  in  it  a  temporal  meaning,  which  places  it  under  the 
category  of  time.  We  never  utter  a  statement  of  any  kind 
in  which  we  do  not  employ  a  certain  number  of  these  field 
ideas  or  categories. 

The  Predicables 

In  addition  to  the  categories,  there  is  another  set  of 
terms  which  are  of  special  importance  in  traditional  logic. 
They  are  known  as  the  predicables.  The  best  approach  to 
an  understanding  of  them  is  to  take  any  individual  sub¬ 
stance  and  analyze  it  into  its  various  qualities  and  relations. 
For  instance,  a  desk  may  be  analyzed  as  follows :  table, 
especially  adapted  for  convenience  in  writing,  having  a 
smooth  top  surface,  made  of  wood,  five  years  old,  in  a  cer¬ 
tain  office,  between  two  windows,  etc.,  etc.  Each  of  these 
separate  names,  including  the  name  desk  itself,  may  be  re¬ 
ferred  back  to  one  or  another  of  the  Aristotelian  categories. 
But  over  and  above  the  relation  of  each  of  these  to  its 
category,  there  is  a  relation  between  each  of  them  and  the 
individual  substance,  desk.  It  is  this  later  relationship 
which  is  expressed  by  the  predicables.  They  are  the  names 
of  the  different  possible  types  of  relations  between  the  vari¬ 
ous  parts  into  which  an  individual  substance  can  be  ana¬ 
lyzed  and  that  substance  itself.  Or  we  may  also  say  that 
they  are  the  names  of  the  most  general  relations  whicKjL. 
predicate  (a  quality,  relation,  etc.l  can  have  to  its  subject 
(the  individual  substance  in  qnpstintrL~-The  names  of  the 
predicables  are:  genus,  species,  definition,  property  and 
accident.  For  species  we  sometimes  use  the  expression 
differentiae,  meaning  the  differentiae  of  the  species.  Now 
the  genus  and  the  differentiae  of  the  species  constitute  to¬ 
gether  the  definition  of  a  thing,  and  these  three  are  to  be 
distinguished  from  property  and  accident  by  the  fact  that 
they  are  the  essential  attributes  of  the  thing  in  question, 
whereas  the  property  and  accident  may  both  be  conceived 
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as  absent  without  the  object  ceasing  to  be.  Strictly  speak¬ 
ing,  an  individual  substance  is  its  definition.  For  genus 
means  the  qualities  which  the  substance  has  in  common 
with  other  substances  of  the  same  general  type,  and  dif¬ 
ferentiae  of  the  species  means  the  qualities  which  distin¬ 
guish  it  from  other  objects  of  the  general  class,  and  these 
two  sets  of  characteristics  are  the  definition,  and  constitute 
together  the  individual  substance. 

Our  example  of  the  desk  will  make  this  clearer.  The 
genus  is  table  and  every  desk  must  have  the  essential  at¬ 
tributes  of  a  table  in  order  to  be  a  desk.  The  differentiae 
are :  Especially  adapted  for  convenience  in  writing  and 
having  a  smooth  top,  and  these  characteristics  are  just  as 
essential  to  a  desk  as  are  the  attributes  of  a  table.  Now  a 
property  is  a  characteristic  which  every  object  of  the 
species  in  question  actually  has  but  which  is  not  absolutely 
essential  to  it.  Hence,  before  the  use  of  other  materials 
came  into  vogue,  made  of  wood  could  have  been  regarded 
as  a  property  of  a  desk.  An  accident,  on  the  other  hand, 
is  a  non-essential  attribute  which  is  sometimes  present  and 
sometimes  absent.  Thus,  five  years  old  is  an  accident  of 
desk  because  a  desk  may  be  a  hundred  years  old  or  be  just 
newly  made  and  still  be  a  desk.  Now,  in  the  same  way, 
we  can  say  of  every  predicate  whatsoever,  meaning  by 
predicate  the  various  components  of  the  individual  sub¬ 
stance  in  question,  that  it  is  either  a  genus  or  a  differentia 
of  the  species  or  a  property  or  an  accident  of  the  subject. 
This  is  the  meaning  of  the  Aristotelian  predicables.  To^ 
be  sure,  one  may  question  whether  any  attribute  is  really 
non-essential  to  an  object,  and  insist  that  property  and 
accident  be  made  a  part  of  the  essential  attributes.  This 
would  break  down  the  rigid  separation  which  Aristotle 
makes  between  essential  and  non-essential  attributes.  But 
in  practical  life  we  need  to  distinguish  between  the  essence 
of  an  object  and  its  relatively  unimportant  features,  and 
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for  this  purpose  the  predicables  of  Aristotle  serve  very 
well. 

The  Relation  between  Aristotle’s  Categories  and  Predi¬ 
cables  and  the  Modern  Conception  of  Class. 

We  can  best  understand  the  relation  between  the 
Aristotelian  categories  and  the  Aristotelian  predicables  by 
noting  that  the  predicable  called  the  genus  always  becomes 
a  category  when  the  analysis  of  the  object  in  question  is 
carried  to  the  limit.  As  was  pointed  out  above,  the  end 
of  thought  is  reached  when  a  given  object  is  fully  analyzed, 
and  each  part  is  placed  in  its  proper  category  or  categories. 
This  is  what  is  always  involved  in  stating  the  essential  at¬ 
tributes  of  an  object.  It  follows  that  the  forming  of  general 
or  universal  conceptions,  such  as  are  the  names  of  the 
Aristotelian  categories,  is  one  of  the  most  important  func¬ 
tions  of  human  thinking,  and  the  ultimate  goal  of  all 
scientific  research. 

Modern  logicians  use  the  term  class  for  the  Aristotelian 
term  category.1  To  think  is  to  form  classes,  and  to  place 
individual  objects  in  their  proper  class  or  classes.  Hence, 
the  relation  of  a  member  of  a  class  to  the  class  takes  the 
place  of  the  Aristotelian  notion  of  a  category  whose  nature 
is  embodied  in  objects  which  belong  to  it.  It  follows  that 
modern  logicians  treat  the  genus  as  a  class.  By  so  doing 
the  distinction  between  categories  and  predicables  is 
blurred.  In  fact,  the  conception  of  class  and  of  membership 
in  a  class  takes  its  place,  and  this  is  held  to  be  a  decided 
improvement  over  the  Aristotelian  logic. 

In  answer  to  this  contention  it  is  well  to  point  out  that 
the  conception  of  class  is  not  only  highly  ambiguous  but 
positively  misleading,  and  for  these  reasons  it  is  a  very 
poor  substitute  for  the  term  category.  For  a  subject  to 


i  See  Introduction  to  Reflective  Thinking,  Ch.  II,  Secs.  3  and  4. 
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belong  to  a  certain  category  one  thing  is  essential,  namely, 
that  it  embody  in  itself  the  nature  of  that  category,  but 
for  an  object  to  belong  to  a  class  any  one  of  three  different 
relations  is  satisfactory.  For  by  a  class  is  meant  some  sort 
of  totality  of  things,  and  three  different  meanings  of  mem¬ 
bership  in  a  class  satisfy  this  notion. 

In  the  first  place,  membership  in  a  class  may  mean  in- 
closure,  to  be  inclosed  in  a  container,  just  as  apples  are  in 
a  barrel  or  pigs  in  a  sty.  In  that  case  the  relation  is  wholly 
external.  That  is  to  say,  the  container  has  no  actual  inner 
connection  with  the  things  contained  in  it,  because  they 
can  be  taken  out  without  ceasing  to  be  what  they  are  and 
without  the  container  ceasing  to  be  what  it  is.  Pour  the 
apples  in  a  pile  on  the  ground  and  they  are  still  apples, 
and  the  barrel  is  still  a  barrel.  To  put  it  in  Aristotle’s 
terminology,  the  in  closure  relation  is  an  accident  of  the 
apples.  They  can  be  apples  without  being  inclosed  in  any¬ 
thing.  Now  if  membership  in  a  class  means  this  and  noth¬ 
ing  more,  the  real  logical  relation  between  an  individual 
object  and  its  category  or  categories  is  not  grasped  at  all. 
By  the  relation  between  an  object  and  its  category  or  genus, 
Aristotle  meant  something  other  than  mere  inclosure. 

In  the  second  place,  membership  in  a  class  may  mean 
forming  a  part  of  an  aggregation.  The  aggregation  or 
collection  in  question  may  be  the  most  homogeneous  or  the 
most  heterogeneous  group  of  objects  conceivable.  A  pile 
of  apples  or  bricks  is  a  good  illustration  of  a  homogeneous 
aggregate,  and  a  miscellaneous  collection  of  articles  on  a 
bargain  counter  in  a  department  store  may  serve  to  illus¬ 
trate  the  heterogeneous  type  of  aggregation.  Such  a  total 
aggregation  would  disappear  if  all  the  members  were  taken 
away  from  it,  so  that  the  relation  between  a  class  and  its 
members  in  this  sense  is  more  fundamental  than  in  the  case 
where  membership  means  inclosure.  The  barrel  remains 
after  the  apples  are  taken  away,  but  the  pile  vanishes  into 
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nothingness  when  the  apples  are  put  back  into  the  barrel. 
Nevertheless,  the  real  logical  relation  which  Aristotle  had 
in  mind  in  his  conception  of  belonging  to  a  category  is 
missed  entirely,  when  membership  in  a  class  is  interpreted 
to  mean  forming  a  part  of  an  aggregate. 

The  third  meaning  of  membership  in  a  class  is  the  real 
logical  meaning.  It  involves  the  notion  that  the  member 
embodies,  in  some  particular  manner,  the  nature  of  the 
class  in  question.  Thus,  every  apple  in  a  barrel  belongs 
to  the  class  of  apples  as  well  as  to  the  barrel,  and  every 
apple  in  a  pile  belongs  to  the  class  of  apples  as  well  as  to 
the  collection  which  we  call  a  pile.  It  is  the  relation  be¬ 
tween  an  apple,  any  apple  you  please,  and  those  numerous 
characteristics  or  attributes  which  we  think  of  as  essential 
to  an  apple,  which  is  the  logical  relation  Aristotle  was 
trying  to  grasp.  All  these  characteristics  constitute  the 
class  apple.  Any  particular  apple  is  what  it  is,  by  virtue 
of  the  fact  that  it  possesses  by  nature  the  general  charac¬ 
teristics  which  constitute  the  class  apple. 

When  we  use  the  conception  of  membership  in  a  class  in 
this  third  sense,  it  is  equivalent  to  the  Aristotelian  notion 
of  belonging  to  a  category  or  being  in  a  certain  genus.  But 
the  word  class  is  so  certain  to  carry  with  it  one  of  the  other 
meanings  that  it  is  a  poor  substitute  for  the  Aristotelian 
notion  of  category.  The  logical  meaning  of  category  is 
difficult  to  grasp,  but  it  is  at  least  free  from  the  ambiguity 
with  which  the  word  class  is  infected.  Consequently,  the 
modern  substitution  of  class  for  category  is  really  a  step 
backward. 

Exercise  II 

1.  In  the  following  verses  and  sentences  reduce  each  term  to  the 
proper  Aristotelian  category : 

(a)  A  basket  on  her  head  she  bare; 

Her  brow  was  smooth  and  white: 

To  see  a  child  so  very  fair 
It  was  a  pure  delight. 
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(6)  The  stag  at  eve  had  drunk  his  fill. 

Where  danced  the  moon  on  Monan’s  rill. 

And  deep  his  midnight  lair  had  made 
In  lone  Glenartney’s  hazel  shade. 

(c)  Cicero's  essays  are  of  considerable  length,  logically  de¬ 
veloped,  and  adorned  with  his  customary  flowers  of  rhetoric. 

(d)  When  the  lamp  is  shattered 

The  light  in  the  dust  lies  dead. 

When  the  cloud  is  scattered, 

The  rainbow's  glory  is  shed. 

(e)  Sleep  has  its  own  world, 

A  boundary  between  the  thing  misnamed 
Death  and  existence.  Sleep  hath  its  own  world 
And  a  wide  realm  of  wild  reality. 

( f )  The  practical  end  is  to  determine  upon  what  human 
capacity  depends  and,  in  the  light  of  knowledge,  to  dis¬ 
cover  means  of  increasing  man’s  efficiency. 

( g )  Exact  units  are  particularly  necessary  to  the  advancement 
of  science. 

( h )  Now  came  fulfillment  of  the  year’s  desire; 

The  fall  wheat,  colored  by  the  August  fire. 

Grew  heavy-headed,  dreading  its  decay, 

And  blacker  grew  the  elm  tree  day  by  day. 

( i )  We  are  not  always  glad  when  we  smile, 

For  the  heart  in  a  tempest  of  pain 

May  live  in  the  guise  of  a  laugh  in  the  eyes, 

As  the  rainbow  may  live  in  the  rain; 

And  the  stormless  night  of  our  woe 
May  hang  out  a  radiant  star, 

Wdiose  light  in  the  sky  of  distress  is  a  lie 
As  black  as  the  thunder  clouds  are. 

(j)  The  express  train  was  going  at  a  high  rate  of  speed  when 
it  jumped  the  track  and  plunged  into  a  deep  ravine. 

<fc)  Cervantes  was  the  celebrated  author  of  Don  Quixote,  and 
the  book  is  the  beloved  novel  of  the  Spanish  people. 

2.  Jeremy  Bentkan  gave  the  following  definition  of  a  community : 

A  community  is  a  fictitious  body  composed  of  individual  per¬ 
sons  who  are  considered  as  constituting,  as  it  were,  its  members. 
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This  definition  has  been  criticised  by  Iverach  as  follows : 

No  body  of  any  kind  is  constituted  by  the  members  alone.  Any 
unity  has  to  be  looked  at  from  two  points  of  view,  and  is  never 
the  sum  of  its  parts.  Regard  must  be  had  to  the  wholeness  of 
the  whole  as  well  as  to  the  parts.  Society  or  a  community  is 
not  a  fictitious  body,  of  which  individuals  are  the  fictitious  parts 
or  members ;  a  people  is  a  unity,  an  organic  whole,  and  the  indi¬ 
viduals  are  so  in  relation  to  the  whole. 

What  idea  of  class  dominates  Bentham’s  definition?  What 
idea  of  class  dominates  the  criticism  of  Iverach,  and  his  own 
definition  as  expressed  in  the  last  sentence?  Is  either  of  these 
identical  with  the  implicative  system?  If  so,  which  and  why? 
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THE  INTENSION  AND  THE  EXTENSION  OF  TERMS 

What  Intension  and  Extension  Are 

We  have  just  discovered  an  important  dual  character 
of  the  term  apple.  For  we  have  seen  that  it  may  mean 
apple  in  general  or,  on  the  other  hand,  it  may  mean  any 
or  all  particular  apples.  Now,  this  is  true  of  every  term 
whatever.  Every  term  has  both  of  these  aspects.  It  means 
certain  definite  qualities  or  attributes  and  it  also  refers  to 
certain  objects,  or,  in  the  case  of  a  singular  term,  to  one 
object  which  has  those  qualities.  the  general^ 

or  universal  meaning  of  a  term  is  emphasized,  without  any 
Eeference'to  a  concrete  .embodiment  of  thosejpmlities^n-aH- 
actual  instance  of  the  object  in  question,  thq  term  is  used 
{nfenswety^- Onthe  other  hand,  when  we  refer  to  an  object 
having  those  qualities,  without  any  special  reference  to  the 
qualities  themselves  but  only  to  the  actual  concrete  object 
in  which  they  are  embodied,  we  use  the  term  extensively. 
For  example,  if  I  say,  “an  apple  is  the  fruit  of  a  pyraceous 
tree  ”  I  use  the  term  apple  intensively,  because  no  par¬ 
ticular  apple  is  intended  but  the  nature  of  apple  in  general. 
But  if  I  say,  “These  apples  are  delicious,”  or  “All  the 
apples  in  Corso’s  fruit  store  are  cheap,”  or,  “All  the  apples 
raised  in  Ohio  last  year  have  been  sold,”  I  use  the  term 
extensively,  because  I  am  not  telling  what  an  apple  is,  but 
only  that  there  are  certain  objects  called  apples 

This  distinction  between  the  general  meaning  of  a  term 
and  its  particular  concrete  embodiment  in  an  object  is  one 
of  the  most  important  distinctions  in  logic.  Perhaps  it 
can  be  made  clearer  by  the  use  of  an  analogy.  Inventors 
and  artists  use  models  to  give  body  to  their  ideas  before 
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they  actually  make  the  object  for  public  use  or  exhibition. 
Thus  one  sees  in  Saint  Gaudens’  studio  at  Cornish,  New 
Hampshire,  the  model  the  great  sculptor  used  when  he 
produced  his  famous  statue  of  Abraham  Lincoln.  When 
an  artist  finally  gets  the  model  so  that  it  fittingly  embodies 
his  conception  of  his  subject,  he  is  ready  to  cast  the  statue 
in  bronze,  and,  needless  to  say,  as  many  different  statues 
can  be  made  as  he  wishes.  The  model  may  be  regarded  as 
analogous  to  the  intensive  meaning  of  a  term,  whereas  the 
various  statues  that  are  actually  cast  are  comparable  to  its 
extensive  meaning.  Or  to  come  just  a  little  closer  to  the 
real  meaning  of  intension,  let  us  say  that  the  completed 
model  is  the  first  extension  of  the  Saint  Gaudens  Lincoln, 
and  that  the  conception  of  the  statue  in  the  artist’s  mind, 
from  which  this  completed  model  was  constructed,  corre¬ 
sponds  to  the  intension.  Then  all  the  replicas  of  that 
statue,  the  one  in  Lincoln  Park  in  Chicago,  the  one  in  front 
of  Bascom  Hall  at  the  University  of  Wisconsin,  and  any 
others  there  may  be  would  form  the  rest  of  the  extension 
of  that  term — the  Saint  Gaudens  Lincoln.  In  the  same  way 
those  qualities  essential  to  the  constitution  of  any  object 
whatsoever  form  together  the  complete  intension,  and  those 
objects  in  the  real  world  which  embody  those  qualities  in  a 
particular  way  form  together  the  complete  extension.  Each 
object  of  the  kind  in  question  may  be,  nay,  must  be,  unique 
and  different  from  every  other.  Nevertheless  each  em¬ 
bodies  in  itself  the  characteristics  of  its  kind.  The  ability 
to  grasp  in  its  fullness  this  distinction  between  the  intensive 
and  the  extensive  meaning  of  a  term  may  be  said  to  be  one 
of  the  first  and  most  necessary  stages  in  the  development 
of  a  logical  mind. 

In  order  to  tie  up  this  discussion  of  intension  and  ex¬ 
tension  with  the  discussion  of  definition  and  division  which 
is  to  follow,  it  should  be  stated  that  the  intension  of  a  log¬ 
ical  term  is  equivalent  to  its  definition.  Logical  division 
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is  in  like  manner  connected  with  extension.  For  by  the 
complete  intension  of  a  term  we  mean  all  the  essential  at¬ 
tributes,  qualities  and  relations  involved  in  the  constitution 
of  any  object  which  is  properly  designated  by  that  par¬ 
ticular  term.  There  may  actually  be  just  one  or  an  in¬ 
numerable  host  of  such  objects,  and  extension  has  reference 
to  this  extent  of  the  objects.  The  complete  extension  means 
all  of  the  objects  having  the  essential  attributes  necessary 
to  constitute  an  object  of  that  kind.  Whether  the  term  is 
nsed  to  refer  to  one,  or  some,  or  many,  or  all  of  the  objects 
constituting  its  complete  extension  it  is  still  said  to  be  used 
extensively.  Similarly,  whether  the  term  is  used  to  mean 
one  or  many  of  the  essential  attributes  involved  in  the  con¬ 
stitution  of  an  object,  it  is  still  used  in  intension.  But  in 
each  case  complete  intension  and  complete  extension  means 
all. 

A  synonym  for  intension  is  connotation.  While  some 
logicians  attempt  to  distinguish  the  intension  from  the 
connotation,  the  terms  are  generally  regarded  as  synony¬ 
mous.  And  a  synonym  for  extension  is  denotation.  The 
advantages  of  these  synonyms  is  that  they  each  have  verbal 
forms.  Hence  we  can  say  that  ihe-  term  apple  connote^ 
certain  attributes  and  denotes  certain  objects.  Conse¬ 
quently  these  terms  are  frequently  used  instead  of  inten- 
siuir'and  extension,  And  the  student  must  remember  that_ 
they  are"  equivalent  terms: - 

Alleged  Non-Intensive  and  Non-Extensive  Terms 

It  must  be  especially  emphasized  that  every  term  what¬ 
soever  has  both  an  intensive  and  an  extensive  meaning, 
both  a  connotation  and  a  denotation.  This  has  been  denied. 
It  has  been  held  that  there  are  non-connotative  terms  and 
it  has  also  been  held  that  there  are  non-extensive  terms. 
Let  us  begin  by  considering  the  alleged  non-connotative 
terms. 


46 


THE  PRINCIPLES  OF  REASONING 


John  Stuart  Mill  argued  at  some  length  to  prove  that  all 
proper  names  are  non-connotative.  In  other  words,  he  held 
that  such  names  really  have  no  meaning.  This  seems  true 
when  they  are  taken  in  abstraction  from  the  object  which 
they  name,  usually  a  human  being,  or  an  animal,  or  an 
important  place.  For  instance,  the  term  John  Jones  ap^ 
pears  to  have  no  intension  until  it  is  used  to  refer  to  some 
particular  person,  but  when  it  is  once  so  used  its  intension 
is  supplied  to  it  by  the  nature  of  that  person.  But  there  is 
a  sense  in  which  the  term  John  Jones  has  an  intension,  even 
when  not  used  to  refer  to  a  definite  person.  Its  intension 
then  is  not  the  qualities  of  any  person,  but  the  qualities  of 
proper  names.  Thus,  the  intension  of  John  Jones,  when 
no  particular  person  is  meant,  would  be  a  name  which  is 
frequently  employed  to  designate  a  human  being.  Even 
though  the  intension  of  a  proper  name  differs  when  it  is 
used  in  abstraction  from  any  particular  person,  neverthe¬ 
less  it  has  an  intension  even  then.  But  it  is  true  that  the 
intension  of  a  proper  name  differs  for  every  person  who 
happens  to  have  it.  Thus  the  intension  of  John  Smith 
is  one  thing  when  the  name  means  Captain  John  Smith  of 
our  colonial  history,  and  quite  another  thing  when  it  means 
one  of  the  boys  who  fought  in  Belleau  Woods.  Conse¬ 
quently  proper  names  have  a  different  extension  for  each 
individual  who  is  known  by  them.  In  other  words  they 
have  but  a  single  extension  because  they  are  really  singular 
names.  This  is  one  reason  why  they  have  been  supposed 
to  have  no  intension. 

On  the  other  hand,  names  of  imaginary  or  fictitious  ob¬ 
jects  have  been  denied  an  extensive  meaning.  This  denial 
is  due  to  a  failure  to  grasp  the  full  significance  of  the 
distinction.  Take  as  an  illustration  the  term  fairy.  Its 
intension  is:  imaginary  beings  or  spirits,  generally  repre¬ 
sented  as  of  a  diminutive  and  graceful  human  form,  but 
capable  of  assuming  any  other,  and  as  playing  pranks, 
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frolicsome,  kindly,  mischievous,  or  spiteful,  on  human 
beings  or  among  themselves.  Now,  it  is  urged,  that  since  a 
fairy  is  an  imaginary  being  there  can  be  no  actual  object 
having  these  qualities  and  hence  no  extension.  But  the 
expression  playing  pranks  among  themselves  indicates  an 
extensive  meaning.  And  this  extensive  meaning  would  be : 
all  fairies  which  have  even  been  imagined  to  exist,  or  all 
the  fairies  mentioned  in  the  story  of  Cinderella.  As  Bosan- 
quet  has  well  said : 

Imaginary  ideas,  the  content  of  absolute  fictions,  have  their 
extensions  in  the  instances,  particulars,  or  units,  or  in  the  aspect 
of  unity  which  they  naturally  imply.  Chimeras,  four-dimensional 
space,  Gulliver’s  voyage  to  Lilliput,  have  all  the  same  complemen¬ 
tary  aspects  of  meaning  and  particularity  (intension  and  exten¬ 
sion)  that  are  involved  in  man,  horse,  or  triangle  (Vol.  I,  p.  48). 

The  Distribution  of  Terms 

Another  very  important  logical  distinction  is  connected 
with  the  distinction  between  intension  and  extension,  and 
it  will  be  better  understood  when  we  come  to  apply  it  later 
on  if  it  is  taken  up  here.  It  is  the  distinction  between  a 
distributed  and  an  undistributed  term.  The  distinction 
really  refers  primarily  to  extension  but  terms  that  are  used 
intensively  have  to  be  given  a  definite  distribution  in  order 
to  perform  the  logical  operations  to  which  we  are  coming. 
The  rule  is  that  all  terms  which  are  used  in  intension,  in¬ 
stead  of  in  extension,  are  treated  as  being  undistributed, 
because  there  is  no  way  of  determining  the  extent  of  a  term 
which  is  not  used  in  extension.  Hence,  to  be  sure  that  we 
are  not  saying  more  than  we  should  say,  we  have  to  assume 
that  terms  used  in  intension  are  undistributed.  For  undis¬ 
tributed  means  terms  used  to  refer  to  only  a  part  of  their 
extension,  and  distributed  means  terms  used  in  their  fullest 
or  complete  extension.  Thus,  the  term,  all  apples  is  dis¬ 
tributed  because  none  are  left  out,  but  the  term,  some  apples 
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is  undistributed  because  a  part  of  the  class  of  apples  is 
excluded  by  the  word  some.  Now  let  us  take  an  example 
of  a  term  used  in  intension,  instead  of  in  extension,  and 
show  why  it  must  be  taken  to  mean  some  rather  than  all, 
or  in  an  undistributed  rather  than  in  a  distributed  sense. 
In  the  proposition,  All  equilateral  triangles  are  equiangular 
the  term  all  equilateral  triangles  is  obviously  used  in  exten- 
tion  and  is  distributed.  The  word  all  shows  this.  But 
the  term  equiangular  is  not  used  extensively.  Nothing  is 
said  to  indicate  whether  it  means  some  or  all  because  the 
term  is  used  intensively.  We  know  from  geometry  that  it 
means  all,  but  we  do  not  know  this  in  logic  and  we  have  to 
treat  it  as  meaning  some.  For  the  purposes  of  formal 
logic  every  term  which  is  used  in  an  intensive  rather  than 
in  an  extensive  sense  has  to  be  treated  as  undistributed. 

Since  singular  terms  have  only  one  object  to  which  they 
refer,  they  are  always  distributed,  no  matter  whether  they 
are  used  intensively  or  extensively.  Thus,  the  center  of 
the  material  universe  is  a  distributed  term.  And  since,  as 
we  saw  above,  every  proper  name  is  a  singular  term  in  the 
sense  that  it  has  a  different  intension  for  every  object  to 
fwhich  it  refers,  these  terms,  too,  are  always  distributed. 
One  can  never  say,  some  Socrates.  We  shall  use  this  dis¬ 
tinction  between  distributed  and  undistributed  terms  many 
times.  But  now  let  us  return  to  intension  and  extension. 

The  Alleged  Inverse  Ratio  between  Intension  and  Ex¬ 
tension 

Generally  speaking,  the  less  the  intension  of  a  term  the 
greater  the  extension.  If  only  one  or  two  attributes  are 
needed  to  constitute  an  object,  there  are  likely  to  be  a  great 
many  moi'e  such  objects  than  where  there  are  a  number  of 
qualities  essential  to  constitute  the  object.  Now  the  in¬ 
tension  of  a  term  may  be  increased  by  adding  some  new 
characteristic.  When  this  is  done  the  extension  tends  to 
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decrease.  For  example,  the  term  man  is  relatively  rich  in 
intension,  that  is  to  say,  it  would  require  a  great  many 
qualities  to  express  completely  the  nature  of  man.  But 
when  the  attribute  civilized  is  added  to  the  term  man  the 
intension  is  increased  enormously.  Now  what  happens  to 
the  extension  in  that  case?  It  becomes  much  less.  There 
are  far  fewer  civilized  men  than  there  are  men.  Now  an-  .] 
other  set  of  qualities  may  be  added  to  the  term  civilized  araA'j 
man,  namely  educated,  civilized  man.  This  still  further 
increases  the  complexity  of  qualities  necessary  to  the  ob¬ 
ject,  and  consequently  there  are  far  fewer  objects  which 
can  be  comprised  under  the  term.  The  number  of  edu¬ 
cated,  civilized  men  is  much  less  than  the  number  of  civil¬ 
ized  men,  so  that  while  the  intension  is  greater,  the  exten¬ 
sion  is  less. 

The  question  arises  as  to  whether  this  is  always  true. 

Do  intension  and  extension  vary  inversely  ?  The  answer  is 
“no.”  A  very  slight  increase  in  the  intension  may  decrease 
the  extension  enormously.  Thus,  add  to  books  the  attribute 
bound,  and  very  little  addition  is  made  to  the  intension, 
whereas  the  extension  is  very  greatly  modified.  Moreover, 
qualities  cannot  be  measured  mathematically,  but  objects 
can  be  enumerated.  Hence  it  is  possible  to  get  a  definite 
figure  for  the  variation  in  the  extension  of  a  term,  but  it  is 
not  possible  to  determine  the  precise  amount  of  variation 
produced  by  adding  a  particular  quality  or  set  of  qualities. 
There  can  be  no  mathematical  ratio  in  the  variations.  All 
we  can  say  is  that  generally  speaking,  when  intension  is 
increased,  extension  is  decreased.  On  the  other  hand,  to 
increase  the  extension  may  not  have  any  effect  on  the  in¬ 
tension  or  it  may  modify  it  only  slightly. 

Some  logicians  make  the  mistake  of  thinking  that  mem 
tioning  the  kinds  of  objects  is  giving  the  extension  of  a 
term.  For  instance,  they  say  that  the  extension  of  man  is 
Caucasian,  Mongolian  and  Negro,  instead  of  saying  that  the 
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extension  is  all  men  of  all  kinds.  This  is  a  mistake  because 
using  terms  such  as  Mongolian  is  giving  another  intensive 
term,  the  extension  of  which  would  be  all  Mongolians.  This 
blurs  the  distinction  between  intension  and  extension.  The 
extensive  meaning  of  a  term  is  not  another  intensive  term, 
but  all  of  the  objects  having  the  qualities  specified  by  the 
original  term.  The  intension  of  man  is  simply  increased 
by  adding  the  term,  Mongolian. 

To  the  elementary  student  the  intension  of  a  term  is  hard 
to  grasp  because  we  usually  tell  what  a  thing  is  by  giving 
an  example  of  it,  instead  of  analyzing  it  into  its  specific 
attributes.  To  define  accurately  is  exceedingly  difficult, 
but  to  point  out  is  comparatively  easy.  This  was  Socrates’ 
problem  in  ancient  Athens.  When  he  asked  for  a  definition 
of  justice,  he  was  given  an  instance  of  an  act  of  justice. 
He  asked  for  the  intension  and  he  was  given  the  extension 
of  the  term  in  question.  Now  we  know  the  objects  before 
we  know  their  full  nature.  Only  a  student  of  botany  knows 
fully  the  nature  of  a  leaf,  its  intricate  structure  and  its 
constituent  elements.  But  every  one  supposes  that  he 
knows  what  a  leaf  is,  because  every  one  has  seen  leaves  all 
his  life.  It  is  comparatively  easy  to  tell  what  a  leaf  is  by 
pointing  to  one,  and  saying :  “That  is  a  leaf.”  It  is  very 
difficult  to  tell  what  a  leaf  is  by  giving  all  of  the  essential 
attributes  in  the  constitution  of  a  leaf,  because  we  can  only 
learn  what  these  are  by  a  careful  study  under  the  micro¬ 
scope  of  the  structure  of  a  leaf.  Hence  Mackenzie  is  en¬ 
tirely  right  in  saying:  “The  denotation  (extension)  of  a 
term  may  be  sufficiently  apparent  without  any  definite 
apprehension  of  its  connotation.  ’  ’ 1  Few,  indeed,  are  those 
who  know  the  essential  intensive  meaning  of  the  commonest 
•words  of  everyday  life.  Yet  every  one  assumes  that  he 
knows  what  they  mean,  because  he  has  in  mind  instances 


1  J.  S.  Mackenzie,  Elements  of  Constructive  Philosophy,  p.  69. 
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of  the  things.  One  of  the  greatest  values  of  logic  is  that  it 
teaches  us  how  limited  is  our  knowledge,  and  how  prone 
we  are  to  deceive  ourselves  into  thinking  that  we  know 
what  an  object  is  because  we  have  seen  instances  of  it. 


Exercise  III 


1.  Indicate  first  the  intension  and  then  the  extension  of  each 
of  the  f ollowing  terms : 

(a)  one-celled  animal  ( d )  the  north  pole 

(&)  reindeer  (e)  “Safety  First” 

(c)  plumber  (/)  Eskimo 

2.  Increase  the  intension  of  the  following.  How  is  the  exten¬ 
sion  affected  in  each  case? 


(а)  negro 

( б )  horse 
( c )  cow 


( d )  fur 

(e)  grade 
(/)  fairy 


(g)  soldier 

( h )  beer 

( i )  card 


3.  How  far  is  the  statement  “intension  and  extension  vary  in 
inverse  ratio”  true  of  the  following  sets  of  terms  : 

(a)  iron,  metal,  element,  matter,  substance. 

( & )  matter,  organic  matter,  animal,  reptile,  rattlesnake. 

(c)  ship,  steamship,  passenger  steamship,  river  passenger  steam¬ 
ship. 


4.  Arrange  the  following  terms  in  series  as  in  question  three, 
placing  each  term  of  greater  extension  before  a  term  of  less 
extension.  Point  out  which  are  the  terms  of  greatest  and  least 
intension  in  each  series : 

Emperor,  teacher,  Baptist,  timber,  person,  horse,  heavenly 
body,  Christian,  animal,  fundamentalist,  individual,  Mars, 
ruler,  organized  substance,  lawyer,  Wilhelm  II,  planet, 
vertebrate,  matter,  judge,  quadruped,  being,  Episcopalian. 


CHAPTER  V 


DEFINITION  AND  DIVISION 

The  Nature  of  Definition 

A;  term  is  said  to  be  defined  when  its  complete  intensive 
rpeanin^  is  giveni  This~Involves  embodying  in  language 
the  results  of  a  scientific  analysis  of  the  constitution  of 
whatever  is  being  defined.  It  assumes  that  every  definable 
object,  or  entity,  has  a  complex  structure  the  nature  of 
which  can  be  ascertained  by  careful  inspection  and  analysis. 
A  complete  definition  is  difficult  to  obtain  because  it  in¬ 
volves  giving  an  exhaustive  analysis  of  the  inferential 
whole  in  question.  As  Mill  well  said : 

The  definition  of  a  name  is  the  sum  total  of  all  the  essential 
propositions  which  can  be  framed  with  that  name  for  their  sub¬ 
ject.  All  propositions  the  truth  of  which  is  implied  in  the  name, 
all  those  which  we  are  made  aware  of  by  merely  hearing  the  name, 
are  included  in  the  definition  if  complete,  and  may  be  evolved 
from  it  without  the  aid  of  any  other  premises ;  whether  the  defini¬ 
tion  expresses  them  in  two  or  three  words,  or  in  a  larger  number. 
It  is,  therefore,  not  without  reason  that  Condillac  and  other 
writers  have  affirmed  a  definition  to  be  an  analysis.  To  resolve 
any  complex  whole  into  the  elements  of  which  it  is  compounded, 
is  the  meaning  of  analysis;  and  this  we  do  when  we  replace  one 
word  which  connotes  a  set  of  attributes  collectively  by  two  or 
more  which  connote  the  same  attributes  singly,  or  in  smaller 
groups.1 

The  purpose  of  defining  is  to  fix  the  universal  meaning, 
or  the  intensive  qualities,  of  the  thing  defined  so  that  they 
can  be  communicated  to  another  person,  or  so  that  the 
individual  thinker  may  have  a  permanent  thought  content 


1  J.  Stuart  Mill,  Logic,  Bk.  I,  Cli.  VIII,  Sec.  2. 
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with,  which  to  carry  on  his  own  thinking  about  objects.  The 
distinction  is  frequently  made  between  verbal  and  real 
definitions.  The  former  are  definitions  of  words  and  the 
latter  of  real  existing  objects.  The  only  value  of  this  dis¬ 
tinction  is  to  emphasize  the  fact  that  true  definition  is  al¬ 
ways  real,  and  has  to  do  with  actual  existences.  The  aim 
of  every  intellectual  act  of  defining  is  to  express  as  ac¬ 
curately  as  possible  the  actual  nature  of  the  thing  being 
defined,  no  matter  what  it  may  be.  Verbal  definitions  are 
useful  as  tentative  or  provisional  definitions,  but  thought 
aims  to  replace  them  by  real  definitions  and  should  do  so 
as  soon  as  possible.  Definition  is  really  valueless  when  it 
fails  to  grasp  the  actual  content,  the  intensive  meaning  of 
what  is  being  defined. 

As  Mill  pointed  out,  description  is  not  definition,  be¬ 
cause  description  pictures  the  object  instead  of  giving  its 
actual  thought  content  or  intensive  meaning.  Definition 
is  the  result  of  accurate  analysis,  painstaking  investigation, 
thorough  study.  Description,  on  the  other  hand>^±gsS-^JjL_ 
outside  view,  catches  what  is  most  apparent  to  the  senses, 
presents  an  imaginative  and  superficial  account  of  the  thing 
bemg~defined,  and  thus  fails  to  grasp  the  inner  essence  with 
which  thought  is  chiefly  concerned. 

Kinds  of  Definition 

1.  Aristotelian  Definition.  In  the  discussion  of  the 
predicables  and  of  intension,  we  have  already  referred  to 
the  Aristotelian  type  of  definition.  It  is  that  method  of 
defining  which  proceeds  by  stating  the  genus  nearest  to 
the  object  being  defined,  and  by  giving  the  essential  dif¬ 
ferentiae  which  set  this  object  off  from  others  belonging  to 
the  same  genus.  The  object  is  said  to  belong  to  a  class  of 
objects  known  as  the  species,  and  the  differentiae  are  the 
essential  attributes  of  the  species.  Here  what  was  said 
above  about  the  real  logical  meaning  of  membership  in  a 
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class  or  species  must  be  kept  in  mind.  The  relation  in 
question  is  internal  and  vital,  not  extraneous  and  unessen¬ 
tial.  Each  of  a  number  of  species  belongs  to  the  genus 
and  has  all  the  essential  attributes  of  the  genus,  but  it  also 
has  unique  attributes  which  differentiate  it  from  other 
species  in  the  same  genus.  In  Aristotelian  definition  a  te_rm 
is  defined  by  simply  mentioning  the  genus,  without,  specifi¬ 
cally  mentioning  its  attributes,  and  then  going  on  to  a 
more  detailed  account  of  the  'differential  All  the  essentiaT 
attributes  of  the  species  have  to  be  specifically  mentioned, 
but  it  is  regarded  as  sufficient  simply  to  name  the  genus. 

Practically  all  dictionary  definitions  are  of  this  kind. 
The  student  should  look  through  some  of  the  definitions 
given  in  any  standard  English  dictionary  in  order  to 
appreciate  how  fundamental  the  Aristotelian  method  of 
defining  is.  The  following  examples  may  be  given :  (a) 
“A  dodecahedron  is  a  solid  having  twelve  faces.”  Here 
the  word  solid  is  the  genus,  and  the  phrase  having  twelve 
faces,  differentiates  the  dodecahedron  from  other  solids. 
What  it  takes  to  constitute  a  solid  is  not  specifically  men¬ 
tioned.  ( b )  ‘‘A  falling  star  is  one  of  a  class  of  meteors 
which  appear  as  luminous  points  shooting  or  darting 
through  larger  or  smaller  areas  of  the  sky,  and  which  are 
often  followed  by  trains  of  light.”  (c)  “A  faucet  is  a 
device  fixed  in  a  receptacle  or  pipe  to  control  the  flow  of 
liquid  from  it  by  opening  or  closing  an  orifice.”  (d)  “A 
dendrite  is  a  stone  or  a  mineral  in  which  are  figures  re¬ 
sembling  shrubs,  trees  or  mosses.”  Now,  this  last  defi¬ 
nition  gives  us  one  of  the  inferential  wholes  for  which  the 
term  dendrite  stands.  There  is  an  entirely  different  one 
brought  out  in  the  following  definition:  “A  dendrite  is 
one  of  the  protoplasmic  processes  of  a  nerve  cell.”  Each 
of  these  definitions  of  a  dendrite  illustrate  the  Aristotelian 
type  of  definition,  and  yet  each  is  stating  an  entirely  differ¬ 
ent  intensive  meaning 
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2.  The  Logical  Comprehensive  Type  of  Definition.  This 
type  of  definition  aims  to  correct  the  defect  of  the  Aris¬ 
totelian  type.  Merely  to  mention  the  genus,  without  stating 
its  essential  characteristics,  is  to  leave  out  a  part  of  the  most 
essential  attributes  of  the  thing  defined.  Hence,  every 
Aristotelian  definition  is  in  so  far  incomplete.  Logical 
comprehension  is  that  method  of  defining  which,  in  con¬ 
tradistinction  from  the  Aristotelian  type,  gives  a  complete 
list  of  essential  marks  or  attributes,  without  using  the  dis¬ 
tinction  between  genus  and  differentia.  All  essential  marks 
are  treated  as  being  on  the  same  level,  and  are  aggregated 
together  in  the  definition  without  regard  to  their  relations 
with  one  another.  While  this  type  of  definition  is  especially 
serviceable  in  defining  highly  artificial  classes,  such  as  some 
of  those  dealt  with  in  mathematics,  it  is  really  not  as  good 
a  type  of  definition  for  general  purposes  as  the  Aristotelian. 
It  makes  the  definition  more  cumbersome  to  include  the 
differentiae  of  the  genus  along  with  those  of  the  species, 
and  it  is  not  really  possible  to  avoid  some  word  which  may 
be  taken  as  a  genus.  Every  definition  has  to  assume  some 
ideas  which  are  not  defined  and  a  logically  comprehensive 
definition  is  no  exception  to  this  rule.  As  a  matter  of  fact, 
it  is  simply  an  Aristotelian  definition  which  uses  the  most 
remote  instead  of  the  nearest  genus.  For  example,  when 
I  define  a  dodecahedron  as  a  magnitude  or  quantitative 
whole,  having  length,  breadth  and  thickness,  and  twelve 
faces,  I  give  the  differentiae  of  solid  as  well  as  of  dodeca¬ 
hedron.  But  I  am  forced  to  use  the  word  magnitude  or 
quantity,  and  this  becomes  the  genus  instead  of  solid.  It 
is  hardly  possible  to  give  a  definition  which  does  not  use 
some  word  which  may  be  regarded  as  the  name  of  a  genus. 
Logical  comprehension  is  really  only  an  extension  of  Aris¬ 
totelian  definition,  and  in  practice  it  is  neither  necessary 
nor  advantageous  to  state  the  essential  attributes  of  the 
genus. 
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3.  The  Genetic  Type  of  Definition.  This  is  the  name 
given  to  that  type  of  definition  which  traces  a  thing  to  its 
origin,  or  tells  how  a  thing  is  constituted  or  produced,  in¬ 
stead  of  placing  it  in  its  nearest  genus.  According  to  this 
method  I  define  a  dodecahedron  when  I  tell  how  to 
construct  one.  The  rule  for  the  production  of  an  indi¬ 
vidual  of  the  kind  in  question  is  equivalent  to  the  genetic 
definition. 

Mathematical  definitions  are  frequently  of  this  kind. 
For  example:  “A  sphere  is  a  solid  figure  formed  by  the 
revolution  of  a  semicircle  about  its  diameter,  which  re¬ 
mains  fixed.”  But  many  natural  objects  are  also  definable 
by  the  genetic  method.  Hence  it  is  frequently  employed 
in  the  natural  sciences,  and  it  is  undoubtedly  occasionally 
preferable  to  the  Aristotelian  type.  “To  define  heat  as  a 
force  in  nature  recognized  in  the  phenomena  of  fusion  and 
evaporation  (this  is  an  Aristotelian  definition)  tells  us  less 
about  its  real  nature  than  the  statement  that  it  is  a  form 
of  energy  possessed  by  bodies  derived  from  an  irregular 
motion  of  their  molecules  (this  is  a  genetic  definition).  To 
define  water  as  a  fluid  which  descends  from  the  clouds  in 
rain  (again  the  Aristotelian  type)  is  less  adequate  for 
scientific  purposes  than  the  chemical  definition  of  it  as  a 
fluid  formed  by  adding  one  part  of  oxygen  to  two  parts 
of  hydrogen.  ’  ’  2 

The  Rules  of  Definition 

There  are  five  important  rules  which  must  be  observed 
in  formulating  a  logical  definition.  These  rules  have  come 
down  through  the  ages,  and  they  refer  especially  to  the 
Aristotelian  type  of  definition. 

1.  The  basic  rule  is  that  the  definition  must  state  all  the 
essential  attributes  of  the  object  which  is  being  defined. 

2  J.  E.  Creighton,  An  Introductory  Logic  (New  ed.,  Macmillan 
Co.),  p.  74. 
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This  rale  is  frequently  violated.  Dostoeffsky ’s  statement: 
“Man  is  a  creature  who  can  get  used  to  anything,  and  this, 
I  think,  is  the  best  definition  of  him,  ”  is  a  poor  logical  defi¬ 
nition  because  it  violates  this  rule.  Of  course  his  purpose 
was  well  served  by  this  definition  since  this  one  aspect  of 
man,  namely,  being  able  to  adapt  himself  to  any  condition, 
is  the  part  of  man’s  nature  in  which  he  was  most  inter¬ 
ested.  But  man  is  much  more  than  a  creature  who  can 
get  used  to  anything. 

2.  The  definition  must  include  no  more  and  no  less 
than  the  object  or  implicative  system  which  is  being  de¬ 
fined.  It  must  neither  be  too  broad  nor  too  narrow,  but 
commensurate  with  that  which  is  being  defined.  “To  de¬ 
fine  fish  as  an  animal  that  lives  in  the  water,  would  be  too 
broad  because  many  insects,  etc.,  live  in  the  water ;  to  de¬ 
fine  it  as  an  animal  that  has  an  air  bladder,  would  be  too 
narrow  because  many  fish  are  without  any.  Or  again,  if 
in  a  definition  of  money  you  should  specify  its  being  made 
of  metal,  that  would  be  too  narrow,  as  excluding  the  shells 
used  as  money  in  some  parts  of  Africa ;  if,  again,  you  should 
define  it  as  an  article  of  value  given  in  exchange  for  some¬ 
thing  else,  that  would  be  too  wfide,  as  it  would  include 
things  exchanged  by  barter,  as  when  a  shoemaker  who 
wants  coal,  makes  an  exchange  with  a  collier  who  wants 
shoes.”  (Whately.) 

3.  The  definition  must  not  be  obscure  and  confused. 
Since  accuracy,  clearness  and  precision  is  the  goal  of  defi¬ 
nition  every  obscure  and  ambiguous  definition  defeats  its 
own  purpose.  There  are  many  causes  contributing  to  am¬ 
biguity  and  obscurity.  Sometimes  it  is  due  to  the  use 
of  an  ambiguous  word  or  phrase,  or  one  which  is  harder 
to  understand  than  the  one  we  are  defining.  Sometimes  it 
is  due  to  the  use  of  figurative  expressions,  especially  meta¬ 
phors.  Sometimes  too  many  technical  expressions  are  in¬ 
corporated  in  the  definition.  Yet  this  latter  is  always  justi- 
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liable,  within  due  limits,  in  scientific  treatises.  No  student 
has  a  right  to  condemn  a  definition  for  being  too  technical 
until  he  can  give  a  definition  which  expresses  the  exact 
meaning  in  non-technical  language.  Technical  terminology 
is  essential  and  justifiable  and  this  rule  is  not  directed 
against  its  use.  On  the  other  hand,  a  scientist  who  is 
writing  for  the  general  public  or  for  elementary  students 
owes  it  to  his  readers  to  define  each  technical  term  when  he 
first  introduces  it,  and  this  is  too  rarely  done.  Examples  of 
violations  of  this  rule  are  numerous,  but  the  following  may 
serve:  “Architecture  is  frozen  music.”  “Life  is  a  con¬ 
tinuous  adjustment  of  internal  relations  to  external  rela¬ 
tions.”  (Spencer.)  “Virtue  is  a  passive  symbol  of  an 
idea.”  “Religion  is  an  experience  of  some  mystical  thrill 
of  emotional  psychology.” 

4.  The  definition  should  not  be  circular.  The  term  be¬ 
ing  defined  or  a  synonym  of  it  should  not  appear  in  the 
definition.  This  is  obvious  and  yet  it  is  a  failing  that  is 
all  too  common.  Every  teacher  knows  how  frequently  stu¬ 
dents  use  this  device  to  conceal  their  ignorance  of  the  true 
answer  to  a  question.  When  we  violate  this  rule  we  come 
out  of  the  same  hole  we  went  into,  as  a  friend  of  mine 
wittingly  expressed  it.  To  define  a  preacher  as  one  who 
exercises  the  functions  of  a  clergyman  would  be  a  circular 
definition. 

5.  The  definition  shoidd  not  be  negative  when  it  can  be 
positive.  Now,  it  must  be  admitted  that  a  good  way  to 
lead  up  to  a  positive  definition  is  to  tell  what  the  object 
under  consideration  is  not.  As  a  rhetorical  device  this 
method  is  frequently  very  valuable,  but  logically  it  is  bad 
procedure.  What  a  definition  is  intended  to  do  is  to  tell 
the  actual  positive  nature  of  what  is  being  defined.  De¬ 
fining  a  moral  man  as  one  who  is  not  intemperate,  does  not 
lie,  or  steal  or  covet  is  an  easier  way  than  defining  a  moral 
man  by  giving  the  positive  features  which  distinguish 
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morality  from  immorality,  but  it  is  logically  a  bad  defi¬ 
nition  because  telling  what  a  moral  man  is  not  may  fail 
entirely  in  conveying  an  idea  as  to  what  he  is.  This  is 
really  a  corollary  of  rule  one,  since  giving  the  essential 
attributes  involves  stating  the  positive  nature  of  the  thing 
defined. 

Sometimes  a  corollary  of  rule  two  is  added  for  a  sixth 
rule  as  a  kind  of  counsel  of  perfection.  It  is  that  the  defi¬ 
nition  should  contain  nothing  superfluous. 

The  Importance  of  Definition 

It  is  easy  to  exaggerate  the  importance  of  definition,  and 
many  make  the  mistake  of  doing  so.  Superficial  people 
often  suppose  that  all  disputes  about  really  profound  ques¬ 
tions  could  be  solved  by  laying  down  a  definition.  The 
fact  of  the  matter  is  that  definition  is  the  end  of  knowledge 
rather  than  its  beginning,  and  for  that  reason  no  one  can 
give  a  good  definition  until  he  has  made  a  thorough  in¬ 
vestigation  of  the  nature  of  the  entity  being1  defined.  Con¬ 
sequently  any  definition  with  which  we  begin  an  investi¬ 
gation  is  provisional  and  more  or  less  arbitrary.  It  solves 
no  problems.  It  only  opens  up  the  field  of  investigation. 
Professor  Hocking,  after  defining  religion  as  anticipated 
attainment,  rightly  remarks  :  ‘  ‘  This  precursory  definition 

of  religion  serves  the  purpose  of  such  definitions — not  to 
solve  problems,  but  rather  to  open  them.”  Most  of  the 
definitions  given  at  the  beginning  of  a  discussion  or  text¬ 
book  are  of  this  sort. 

To  warn  the  student  against  the  danger  of  exaggerating 
the  importance  of  such  precursory  definitions  let  me  quote 
the  significant  words  of  one  of  England’s  ablest  statesmen, 
Edmund  Burke.  In  his  philosophical  discussion  entitled 
“On  Taste,”  he  wrote: 

I  have  no  great  opinion  of  a  definition.  .  .  .  For,  when  we 
define,  we  seem  in  danger  of  circumscribing  nature  within  the 
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bound  of  our  own  notions,  which  we  often  take  up  by  hazard  or 
embrace  on  trust,  or  form  out  of  a  limited  and  particular  consid¬ 
eration  of  the  object  before  us;  instead  of  extending  our  ideas 
to  take  in  all  that  nature  comprehends.  ...  A  definition  may  be 
very  exact,  and  yet  go  but  a  very  little  way  towards  informing 
us  of  the  nature  of  the  thing  defined;  but  let  the  virtue  of  a 
definition  be  what  it  will,  in  the  order  of  things,  it  seems  rather 
to  follow  than  to  precede  inquiry,  of  which  it  ought  to  be  con¬ 
sidered  as  the  result. 

Yet,  although  what  Burke  says  is  true,  definition  is  fre¬ 
quently  highly  important.  Many  needless  disputations  be¬ 
tween  eminent  men  are  due  to  the  fact  that  the  object  under 
discussion  has  not  been  clearly  defined  by  each  of  the  dis¬ 
putants.  In  such  a  branch  of  human  knowledge  as  law, 
definition  frequently  assumes  an  overwhelming  significance. 
In  the  words  of  a  distinguished  French  professor  of  law : 
“The  definition  dominates  juridical  science.  It  is  discov¬ 
ered  in  the  writings  of  the  legislator  and  the  judge  as  well 
as  in  those  of  the  jurist.  Its  function  is  no  longer  simply 
to  clarify  debate.  It  has  become  an  active  factor  in  the 
formation  of  law.  It  directs  the  progress  of  the  law.  Defi¬ 
nition  is  an  intellectual  and  rational  force  in  juridical  de¬ 
velopment.”  To  be  sure,  definition  has  often  been  over¬ 
emphasized  by  lawyers.  “When  the  definition  had  con¬ 
quered  the  domain  of  the  law,  when  it  had  forced  itself 
upon  the  lawmakers,  as  well  as  upon  the  lawyers,  it  be¬ 
haved  like  an  absolute  monarch,  who  may  have  the  last 
word  when  he  wishes,  but  whose  authority  is  at  the  same 
time  lax  and  capricious.  It  has  the  air  of  governing  every¬ 
thing  ;  in  reality,  it  allows  itself  to  be  governed  by  circum¬ 
stances.  It  is  supposed  to  be  obeyed,  but  provided  that 
proper  forms  are  observed,  many  liberties  can  easily  be 
taken  with  it.  ” 3  Thus  to  the  lawyer  who  knows  how  to 
use  it,  definition  is  admittedly  a  most  effective  instrument. 


s  Tourtoulon,  Philosophy  in  the  Development  of  Laio,  pp.  328,  343. 
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This  is  just  as  true  in  general  as  it  is  of  legal  science. 
Although  definition  is  not  a  cure-all  and  end-all,  and  is 
really  only  a  subordinate  part  of  logical  doctrine,  still 
‘  ‘  there  is  no  need  to  throw  to  the  dogs  all  that  is  not  fit  for 
the  altar  of  the  gods.” 

What  Logical  Division  Is 

Just  as  definition  has  to  do  with  the  intensive  meaning  of 
a  term,  so  division  has  to  do  with  its  extensive  meaning. 
Now,  obviously  division  is  practically  restricted  to  those 
terms  which  comprise  a  large  variety  and  a  comparatively 
large  number  of  objects  in  their  extension.  And  this  means 
that  hi  division  we  are  really  dividing  the  genus  into  its 
species  and  the  species  into  subspecies.  Logical  division 
is  thus  practically  restricted  to  naming  the  different  species 
wdiich  make  up  a  certain  genus  and  naming  the  different 
subspecies  which  make  up  the  separate  species  or,  as  they 
are  also  called,  genera.  The  subspecies  with  which  a  divi¬ 
sion  stops  are  called  infimce  species,  the  genus  with  which 
it  starts  the  summum  genus,  and  the  intermediate  species 
are  called  subaltern  genera  because  they  each  constitute  a 
new  genus  in  respect  to  the  subdivisions  into  which  they 
are  further  divided.  The  proximum  genus  of  any  species 
is  that  next  above  it.  Every  genus  is  said  to  be  superordi¬ 
nate  to  those  below  it,  coordinate  with  those  on  the  same 
level  with  it  and  subordinate  to  all  of  those  above  it  in  the 
series  of  species  or  genera.  We  may,  then,  define  logical 
division  as  the  intellectual  process  of  breaking  up  a  genus 
into  its  subordinate  genera. 

Breaking  up  is  analyzing,  and  we  seem  to  have  the  same 
process  here  that  we  had  in  definition.  And  there  is  a 
sense  in  which  this  is  true.  For  each  separate  genus  in  the 
series  of  genera  has  a  separate  intensive  meaning  as  well 
as  an  intensive  meaning  common  to  all  the  genera.  Hence 
it  is  true  to  say  that  logical  division  is  separating  out  of  a 
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complex  group  of  qualities  the  respective  constituent  dif¬ 
ferences,  and  since  these  are  intensive,  division  seems  to 
be  the  same  as  definition.  But  since  the  purpose  of  division 
is  to  arrange  the  actual  objects  having  those  differences  in 
some  sort  of  orderly  manner,  we  are  justified  in  holding 
that  the  chief  concern  in  division  is  the  extensive  rather 
than  the  intensive  meaning. 

We  meet  in  division  a  distinction  similar  to  the  one  we 
met  with  in  definition,  under  the  name  of  verbal  and  real 
definition.  Here  we  distinguish  artificial  from  real  divi¬ 
sion.  In  the  former  we  simply  arrange  things  in  any  way 
that  happens  to  suit  our  purpose,  or  to  be  convenient  for 
us.  Many  very  useful  divisions  are  of  this  purely  arbitrary 
and  artificial  character.  But  in  scientific  research  into  the 
infinite  variety  of  nature  the  aim  is  to  get  at  the  real  dis¬ 
tinctions  in  nature.  Since  thought  should  always  delve  for 
the  actual  existing  differentiations  between  various  natural 
or  real  objects,  a  purely  artificial  division  is  only  of  relative 
and  transitory  value,  whereas  a  real  division,  although  the 
complexity  of  nature  makes  it  most  difficult  even  for  the 
scientific  genius  to  reach,  is  nevertheless  of  permanent  and 
eternal  value. 

The  Chief  Kinds  of  Division 

1.  Dichotomy.  The  method  of  division  which  Plato 
used  in  the  investigations  carried  on  in  the  Academy  was 
dichotomy.  It  is  based  on  the  law  of  excluded  middle 
which  we  considered  when  we  dealt  with  the  basic  laws  of 
thought.  Dichotomy  assumes  that  the  whole  universe  can 
be  satisfactorily  divided  by  prefixing  the  word  non  to  a 
given  term,  so  that  the  positive  term  forms  one  side  of  the 
division  and  the  negative  term  forms  the  other  part,  after 
which  the  positive  term  is  further  divided  into  a  positive 
and  a  negative  side,  and  so  on  indefinitely.  This  type  of 
division  is  also  called  binary  classification.  An  illustration 
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will  make  the  process  clearer.  I  rise  for  that  purpose  the 
famous  Tree  of  Porphyry.  It  comes  down  to  us  from  the 
great  Neo-Platonist  logician  of  that  name. 

Substance 


corporeal  incorporeal  or  non-corporeal 

.i  ;  i 

animate  inanimate  or  non-animate 


sensible  insensible  or  non-sensible 


rational  irrational  or  non-rational 


mortal  immortal  or  non-mortal 


Peter  James  and  others 

Here,  starting  with  a  term,  our  first  division  is  into  its 
negative  and  positive  aspects;  the  negative  aspect  is  left 
to  one  side  and  the  positive  aspect  is  further  divided  into 
positive  and  negative  aspect.  This  is  continued  until  the 
purpose  of  the  division  in  question  is  accomplished. 

There  are  two  bad  features  of  binary  classification,  or 
dichotomy.  In  the  first  place,  it  restricts  the  division  to 
two  coordinate  classes,  and  many  times  division  demands 
that  there  be  several  coordinate  classes.  Moreover,  there  is 
no  way  of  knowing  whether  the  two  classes  really  are  co¬ 
ordinate,  since  we  do  not  know  what  may  be  included  under 
the  negative  term.  It  is  one  of  the  infinite  negative  terms 
which  may  mean  anything.  Or  to  put  it  differently^Jjie 
method  of  dichotomy  is  really  an  attempt  to  include  in  the 
division  what  we  do  not  know  das  w~eTTas  what  we  know, 
whereas  a  realclivision  must  be  based  on  what  we  know. 
Hence" Bacon  was  right  when  he  said :  rrThese  dichotomists 
would  wrest  whatsoever  does  not  aptly  fall  within  their 
dichotomies.  ’  ’  In  other  words,  the  dichotomist  has  to  make 
everything  come  within  his  dichotomies  whether  they  natu- 
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rally  do  fall  within  them  or  not.  Consequently,  the  method 
of  dichotomy  is  not  highly  valued  to-day. 

Moreover,  as  the  quotation  from  Bacon  suggests,  the  log¬ 
ical  defects  in  the  method  of  dichotomy  frequently  lead  to 
serious  practical  consequences.  Molders  of  public  opinion, 
such  as  politicians  and  clergymen,  know  how  readily  imma¬ 
ture  and  poorly  trained  minds  are  victimized  by  catchy 
but  superficial  dichotomies.  Thus  the  current  dichotomies, 
such  as  Darwinian  and  Non-Darwinian,  Fundamentalist 
and  Non-Fundamentalist,  Bolsheviki  and  Non-Bolsheviki, 
“Cluckers”  (members  or  adherents  of  the  Ku  Klux  Klan) 
and  “Non-Cluckers,”  really  become  brands  by  which  indi¬ 
viduals  are  designated,  even  though  their  views  may  really 
place  them  entirely  without  and  above  either  of  the  oppos¬ 
ing  groups.  For  no  great  man  is  ever  bounded  by  the  nut¬ 
shell  of  a  sect  or  party.  As  we  grow  in  wisdom  and  reach 
maturity  of  judgment  on  social,  political  and  religious 
issues,  we  come  to  see  that  “the  habit  of  indulging  in  sharp 
but  facile  dichotomies  is  probably  the  most  serious  error 
into  which  we  can  fall.”  (M.  R.  Cohen.) 

2.  Classification.  Since  it  is  not  possible  by  the  method 
of  dichotomy  to  express  the  complex  relations  in  nature 
which  gradually  and  insensibly  pass  over  into  each  other, 
we  are  thrown  back  upon  classification  as  the  only  scientifi¬ 
cally  valuable  method  of  division.  Here  the  aim  is  to  form 
separate  classes  according  to  the  natural  lines  of  demar¬ 
cation  in  the  subject  matter  under  investigation.  As  many 
coordinate  classes  are  named  as  the  actual  structure  of  that 
subject  matter  reveals  to  careful  and  exact  observation, 
and  in  the  same  way  these  larger  classes  are  broken  up  into 
as  many  subdivisions  as  the  nature  of  the  objects  being 
classified  seems  to  demand.  Modern  logicians  regard  classi¬ 
fication  as  one  of  the  most  essential  parts  of  logic  and  in 
Part  Two  we  shall  see  how  essential  it  is  in  inductive 
procedure. 
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A  very  simple  example  of  a  classification  may  be  taken 
from  the  science  of  mathematics  where  conic  sections  are 
classified  as  the  hyperbola,  the  parabola,  the  ellipse  and  the 
circle.  Every  conic  section  must  be  one  or  the  other  of 
these  four  types.  It  is  readily  seen  that  a  dichotomy  here 
would  be  worthless.  For  example,  it  might  be  hyperbola 
and  non-hyperbola,  but  non-hyperbola  would  leave  us  com¬ 
pletely  in  the  dark  as  to  the  character  of  the  other  conic 
sections  which  are  not  hyperbolas.  But  when  these  are 
given  the  positive  designations  of  parabola,  ellipse  and  cir¬ 
cle  we  know  precisely  what  they  are. 

Among  the  numerous  attempts  to  classify  the  sciences, 
perhaps  the  most  famous  is  Auguste  Comte’s  so-called 
hierarchy  of  the  sciences.  It  is  an  arrangement  of  the  chief 
sciences  in  a  linear  series  on  the  principle  that  the  order 
followed  in  their  historic  development  was  from  the  most 
abstract  to  the  most  concrete  and  from  the  most  simple  to 
the  most  complex.  Thus,  his  classification  is  really  based 
on  two  principles  of  division,  but  he  held  that  the  devel¬ 
opment  actually  followed  both  of  these  principles  in  a 
strictly  parallel  manner.  Hence  his  hierarchy  is  as  follows : 

I.  Cosmology 

(a)  Mathematics 

(b)  Astronomy 

(c)  Physics 

( d )  Chemistry 

II.  Biology 

(a)  Botany 

( b )  Zoology  (including  physiology  and  psychology) 

III.  Sociology 

(a)  Social  statics 

(b)  Social  dynamics 

IV.  Ethics 

Although  this  celebrated  hierarchy  has  had  a  by  no 
means  insignificant  influence  on  modern  thought,  it  is  now 
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generally  regarded  as  more  speculative  than  scientific. 
However,  Comte  thought  that  it  was  strictly  scientific.3 

Cuvier’s  classification  of  the  animal  kingdom  dominated 
zoology  from  1817  until  it  had  to  be  revised  in  the  light  of 
the  Darwinian  hypothesis.  In  outline  form  it  is  as  follows: 

The  Classification 

I.  Vertebrates. — Animals  having  a  backbone 

(a)  Mammals 

( b )  Birds 

(c)  Reptiles 

( d )  Fish 

II.  Molluscs. — Animals  having  a  soft  body  protected  by  a 
shell 

(a)  Cephalopods 

(b)  Pteropods 

(c)  Gasteropods 

(d)  Acephala 

( e )  Brachiopods 
(/)  Cirropods 

III.  Articulata. — Worms  and  insects  having  a  ringlike  body, 

a  nervous  system  and  respiratory  organs 

(a)  Annelides 

( b )  Crustacea 

(e)  Trilobita 

( d )  Arachnida 

( e )  Insects 

IV.  Radiata. — This  is  Cuvier’s  miscellaneous  class,  which  has 

been  spoken  of  as  his  “wastebasket”  for  animals 
not  included  in  the  other  three  groups 

(a)  Echinodermata 

( b )  Entozoa 

(c)  Acalepha 

(d)  Polypi 

( e )  Infusoria 


3  For  a  more  recent  and  logically  superior  classification  of  the 
sciences,  see  the  “outline  map  of  scientific  knowledge”  on  page  223, 
which  I  have  taken  from  J.  Arthur  Thomson’s  Outline  of  Science. 
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Aside  from  its  historical  interest  Cuvier’s  classification 
has  the  negative  value  to  the  student  of  logic  of  showing 
that  a  real  scientific  classification  can  neither  be  made  nor 
fully  comprehended  by  one  who  does  not  have  a  detailed 
knowledge  of  the  field  in  question.  For  a  full  comprehen¬ 
sion  of  this  classification  an  extensive  knowledge  of  the 
whole  science  of  zoology  is  needed.  Each  word  in  the 
classification  stands  for  countless  animals,  all  of  which  have 
common  characteristics  along  with  differences.  These  dif¬ 
ferences  would  have  to  be  expressed  by  further  subdivi¬ 
sions.  And  the  greatest  weakness  in  this  famous  classifi¬ 
cation  is  in  the  fourth  division  concerning  which  Cuvier 
knew  the  least.  ‘  ‘  The  lower  groups  of  which  he  knew  least, 
and  which  he  threw  into  one  great  heterogeneous  assem¬ 
blage,  the  Radiata,  have  been  altogether  remodeled  and 
rearranged  ’  ’  ( Huxley ) . 

Classification  is  extremely  important  in  systematizing 
scientific  knowledge,  but  like  definition  it,  too,  is  really  the 
goal  of  a  scientific  investigation  rather  than  its  beginning. 
For  example,  the  table  of  elements  in  chemistry  is  really 
a  classification  of  the  elements  which  was  only  made 
possible  by  years  of  painstaking  experimental  investiga¬ 
tions.  For  this  reason  some  sciences  are  spoken  of  as 
classificatory  sciences,  for  example,  zoology,  botany  and 
philology. 

The  Rules  of  Division 

There  are  three  rules  of  division  which  a  good  logical 
classification  will  not  violate. 

1.  The  division  must  he  exhaustive,  or,  in  other  words, 
nothing  that  is  included  in  the  genus  or  class  of  objects 
i/  which  is  being  divided  can  be  omitted  from  the  separate 
genera  into  which  it  is  divided.  The  fallacy  which  results 
from  a  violation  of  this  rule  is  called  the  fallacy  of  incom¬ 
plete  division.  An  inexperienced  classifier  is  likely  to  omit 
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unique  objects  which  do  not  easily  come  within  the  main 
classes.  To  make  sure  that  such  an  omission  is  not  made 
it  is  sometimes  a  good  plan  to  make  a  class  called  the 
miscellaneous  class,  which  is  equivalent  to  the  negative  class 
in  dichotomy.  An  illustration  of  the  fallacy  of  incomplete 
division  would  be  a  classification  of  the  ships  of  the  United 
States  Navy  into  battleships,  transports,  gunboats,  destroy¬ 
ers,  and  submarines.  For  such  a  division  leaves  out  mine 
layers,  colliers,  hospital  ships,  etc.  These  might  all  be  in¬ 
cluded  in  a  miscellaneous  class  of  ships. 

2.  The  different  species  or  classes  included  under  the 
genus  or  main  class  must  be  mutually  exclusive,  that  is  to 
say,  the  different  divisions  must  not  overlap.  Such  an 
overlapping  is  usually  the  result  of  making  a  class  coordi¬ 
nate  with  other  classes  which  should  be  made  subordinate 
to  one  or  the  other  of  these  classes.  Dr.  Johnson’s  amus¬ 
ing  division  of  the  inhabitants  of  Scotland  into,  ‘  ‘  Scotch¬ 
men  and  dammed  Scotchmen,”  is  an  illustration  of 
this  fallacy.  A  division  of  trees  into  forest  trees,  orna¬ 
mental  trees,  fruit  trees  and  apple  trees  would  be  an 
example  of  this  fallacy,  because  apple  trees  are  fruit 
trees. 

3.  A  division  must  be  based  upon  one  fundamental  prin¬ 
ciple  of  division.  If  more  than  one  principle  is  used  there 
is  a  fallacy  of  cross-division,  since  it  becomes  necessary  to 
divide  the  constituent  members  first  by  one  principle  and 
then  the  same  members  again  by  another  principle.  This 
is  all  right  if  each  principle  is  carried  through  separately, 
since  it  is  legitimate  to  use  various  principles  as  the  basis 
of  a  division,  but  it  is  not  legitimate  to  use  two  different 
principles  in  the  same  division.  Thus,  the  personnel  of  the 
United  States  Navy  can  be  divided  according  to  rank  or 
according  to  function,  but  if  I  start  out  using  one  principle 
and  shift  over  to  the  other,  the  result  is  the  fallacy  of  cross¬ 
division. 
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Exercise  IV 


1.  Define  by  the  Aristotelian  method : 


(а)  moon 

( б )  planet 


(c)  corporation 

( d )  buttercup 

(e)  armchair 
(/)  whip 


( g )  rattlesnake 

( h )  submarine 

(i)  machine  gun 

(j)  superdreadnaught 
(fc)  admiral 

(l)  giraffe 


2.  Define  by  the  genetic  method : 


(а)  lasso 

( б )  segment 

(c)  cylinder 

( d )  hoop  skirt 


( e )  yellow  fever 
(/)  baseball 

( g )  vaccine 

(h)  monoxide  gas 


3.  Define  by  the  logically  comprehensive  method : 

(a)  box 

(b)  circle 

(c)  a  copper  coin 

Show  that  the  attempt  to  avoid  using  a  genus  term  makes  it 
necessary  to  use  a  summum  genus  or  category  in  this  type  of 
definition. 

4.  “The  life  of  a  soul  begins  when  it  looks  beyond  the  thoughts 
of  parents  and  teachers — if  it  ever  does — out  into  the  defiant 
world,  and  frames  a  view  and  a  purpose”  (Joseph  McCabe).  Can 
this  be  regarded  as  a  definition  of  personality?  If  so,  what  kind? 
Criticize  the  statement  and  suggest  another  definition. 

5.  Examine  the  following  definitions  from  the  point  of  view 
of  the  five  rules,  indicating  which  rule  or  rules  each  violates. 

(a)  Flour  is  something  used  in  cooking. 

(b)  Fluency  is  an  exuberance  of  verbosity. 

(c)  Bread  is  the  staff  of  life. 

(d)  A  shrub  is  a  plant  which  does  not  exceed  two  feet  in  height. 

(e)  Truth  is  veracity  in  speech  and  art. 

(/)  A  blotter  is  something  which  absorbs  water. 

( g )  A  plant  is  an  organic  being  possessing  vegetable  life. 

( h )  Virtue  is  the  opposite  of  vice. 

( i )  Work  is  the  salt  of  life. 

(j)  The  business  manager  of  a  firm  is  the  man  who  takes  care  of 
the  business  end  of  the  concern. 
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(7b)  A  spoon  is  a  concave  vessel,  with  a  handle,  used  in  eating 
liquids. 

(7)  Dross  is  the  recrement  or  the  despumation  of  metals. 

(m)  An  eclipse  is  an  obscuration  of  the  luminaries  of  heaven. 

(n)  An  interrogative  sentence  is  one  which  does  not  state  a  fact, 
entreaty,  command  or  exclamation. 

(o)  Man  is  a  featherless  biped. 

(p)  Land  is  the  solid  part  of  the  earth. 

( q )  Experience  is  an  interpenetration  of  multiplicities. 

( r )  A  law  is  a  rule  established  by  authority  and  making  certain 
actions  unlawful. 

6.  What  kind  of  definition  is  the  following  and  why? 
“Typhoid  is  a  fever  usually  associated  with  such  and  such  symp¬ 
toms,  with  such  and  such  a  bacillus  determinable  through 
laboratory  tests  of  a  specified  character,  and  responding  to 
treatment  of  a  prescribed  nature.  This  definition  would  be  good 
if  it  were  unerring;  that  is,  if  it  would  give  such  a  class  and  such 
subclasses  as  could  apply  to  typhoid  and  typhoid  only.  The 
definition  would  then  be  exact,  not  so  narrow  as  to  exclude  any 
case,  nor  so  broad  as  to  take  in  any  case  not  typhoid.  A  brief 
definition  suitable  for  dictionary  or  encyclopedic  purposes  rather 
than  a  descriptive  one  valuable  for  the  physician  might  be :  ‘Ty¬ 
phoid  is  a  fever  caused  by  Bacillus  typhosus’  ”  (from  Columbia 
Associates,  Introduction  to  Reflective  Thinking,  p.  31,  Houghton 
Mifflin).  Is  this  brief  definition  the  same  kind  as  the  long  one 
above?  What  rule  of  definition  is  stated  in  this  passage? 

7.  Name  three  fundamental  principles  of  division  which  might 
be  used  in  making  a  classification  of  the  students  in  your  uni¬ 
versity.  Make  such  a  classification  which  will  exhibit  the  fallacy 
of  using  two  fundamental  principles  of  division  (cross-division). 

8.  Make  a  detailed  classification  of  the  various  forms  of  ath¬ 
letics  in  your  university. 

9.  Study  your  college  catalogue,  and  explain  how  the  courses 
of  instruction  offered  last  year  are  classified.  What  seems  to  you 
to  be  the  fundamental  principle  of  division? 

10.  Make  a  classification  of  the  books  in  a  small  public  library, 
using  any  principle  of  division  you  think  might  serve.  Does  your 
classification  violate  any  of  the  three  rides  of  division? 

11.  How  might  a  retail  merchant  make  use  of  logical  classifica¬ 
tion  in  making  an  inventory  of  his  stock  of  goods? 

12.  Examine  the  statement  of  some  bank  or  industrial  corpora¬ 
tion,  and  state  the  principle  of  division  according  to  which  the 
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assets  and  liabilities  are  classified.  (Bank  statements  are  pub¬ 
lished  regularly  in  large  daily  newspapers  and  in  financial 
journals,  such  as  the  Wall  Street  Journal.) 

13.  It  is  not  possible  to  divide  the  bacteria  into  the  “spore  pro¬ 
ducing”  and  the  “non-spore  producing”  (as  has  been  proposed), 
because  we  do  not  know  enough  about  the  forms  which  are  not 
known  to  produce  spores  to  be  sure  that  they  never  do. 

What  type  of  division  is  used  in  this  statement?  In  what 
sense  is  the  defect  which  is  here  mentioned  true  of  all  divisions 
of  this  kind? 
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JUDGMENT  AND  THE  KINDS  OF  PROPOSITIONS 

The  Nature  of  Judgment 

In  the  last  section  on  naming  and  the  doctrine  of  terms 
we  had  to  make  use  of  a  precursory  definition  of  judgment 
in  order  to  make  clear  what  logic  means  by  terms.  That 
definition  was  that  a  judgment  consists  of  two  logical 
terms,  known  as  the  subject  and  predicate  respectively  and 
symbolized  by  8  and  P,  united  by  a  copula  which  is  always 
some  form  of  the  verb  to  be,  preferably  is  or  are.  Al¬ 
though  this  is  a  good  preliminary  definition  of  judgment, 
and  one  which  will  be  frequently  used  below  as  a  working 
formula,  nevertheless  it  must  here  be  supplemented  by  a 
deeper  analysis  of  the  real  nature  of  the  logical  judgment. 

From  the  point  of  view  of  the  individual  human  being, 
judgment  may  be  defined  as  an  intellectual  activity,  a 
process  of  differentiating  and  putting  together  again  the 
facts  of  experience.  In  this  sense,  judging  involves  all  of 
the  following  mental  processes:  comparison,  resemblance, 
identity,  difference,  and  relation  in  general.  Any  act  of 
comparing  or  identifying  or  discriminating  or  establishing 
a  relation  would  be  included  under  the  intellectual  activity 
of  judging.  Such  a  conception  of  judgment  throws  the 
emphasis  on  its  psychological  aspect.  Every  human  being 
is  continually  making  judgments  in  this  sense.  Indeed,  a 
person’s  mind  may  be  said  to  consist  primarily  in  his 
judging  activity.  Analyze  your  own  mental  life,  and  you 
will  find  that  you  are  always  making  judgments  when  you 
are  mentally  alert.  Of  course  much  of  our  waking  life  is 
spent  in  mere  daydreaming,  in  the  haphazard  associating 
of  ideas,  and  this  must  not  be  compared  with  that  alertness 
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of  mind  which  characterizes  judging.  But  for  a  man  to 
play  football,  box  in  a  boxing  bout,  fly  an  airplane,  conduct 
a  business,  manage  a  social  settlement  institution,  a  uni¬ 
versity  or  a  church,  or  to  do  well  any  of  the  other  manifold 
deeds  which  constitute  the  very  stuff  of  life,  nothing  is 
more  important  than  the  intellectual  ability  to  size  up  a 
situation,  and  to  propose  rapid  and  sure  solutions  of  the 
difficulties  which  that  situation  involves.  This  quick  and 
sharp  mental  alertness,  which  is  behind  all  efficient  action, 
is  judgment  in  the  subjective  sense,  as  is  shown  by  our 
common  expression  concerning  an  efficient  person :  ‘  ‘  So- 
and-so  is  a  man  of  good  judgment.”  The  term  judgment 
is  used  in  this  sense  in  the  following  remarkable  passage, 
in  which  John  Locke  distinguishes  the  witty  man  and  the 
man  who  has  a  good  memory,  from  the  man  who  has  good 
judgment : 

There  is  some  reason  for  that  common  observation  that  men 
Who  have  a  great  deal  of  wit  and  prompt  memories  have  not 
always  the  clearest  judgment  or  deepest  reason;  for,  wit  lying 
most  in  the  assemblage  of  ideas  and  putting  those  together  with 
quickness  and  variety  wherein  can  be  found  any  resemblance  or 
congruity,  thereby  to  make  up  pleasant  pictures  and  agreeable 
visions  in  the  fancy,  judgment  on  the  contrary  lies  quite  on  the 
other  side,  in  separating  carefully  one  from  another,  ideas  wherein 
can  be  found  the  least  difference,  thereby  to  avoid  being  misled 
by  similitude  and  by  affinity  to  take  one  thing  for  another.1 

While  the  above  conception  of  judgment  is  important  in 
logic,  from  the  point  of  view  of  knowledge  as  a  whole, 
judgment  is  rather  the  final  and  clearly  formulated  prod¬ 
uct  of  such  a  sustained  intellectual  activity.  And  fre¬ 
quently  it  is  the  product,  not  simply  of  the  intellectual 
labors  of  one  man  or  one  generation  of  thinkers,  but  of  a 
long  line  of  great  thinkers.  The  body  of  judgments  which 

1  John  Locke,  Essay  Concerning  the  Human  Understanding,  Bk.  II, 
Ch.  XI,  Sec.  2. 
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make  up  scientific  knowledge  are  the  products  of  untold 
mental  exertion  on  the  part  of  countless  thinkers,  many  of 
whom  are  nameless.  In  this  sense,  a  judgment  is  a  state¬ 
ment  of  fact  which  is  independent  of  the  individual  thinker. 
The  product  of  a  judging  activity  has  a  stability  and  an 
independence  of  its  own.  Sometimes  this  meaning  of  judg¬ 
ment  is  expressed  by  the  word  proposition,  instead  of  by 
the  word  judgment.  This  is  a  useful  term,  because  it 
throws  the  emphasis  on  the  logical  aspect  of  the  judgment 
rather  than  on  the  psychological  aspect. 

Take  as  an  illustration  of  a  judgment  or  proposition: 
“He  is  one  who  had  better  consult  a  physician.”  This  may 
be  looked  at  as  the  act  of  somebody’s  mind,  an  act  of  ob¬ 
servation  let  us  say.  But  it  is  also  a  statement  of  fact. 
As  such  it  is  a  logical  proposition.  It  expresses  an  actual 
connection  between  a  given  individual’s  health  and  an¬ 
other  person,  called  a  physician,  who  is  supposedly  able 
to  alter  the  condition  of  the  man’s  health.  This  content 
is  tied  together  into  a  definite  system  by  the  judging  ac¬ 
tivity,  and  the  content  as  so  tied  together  into  a  definite 
system  is  the  judgment  or  logical  proposition.  Thus,  any 
particular  proposition  is  an  expression  in  language  of  an 
actual  connection  or  relationship  within  a  systematic  whole. 
The  complete  set~oF~proposTtTons’  necessary~td~express  the' 
full  nature  of  that  system  would  be  what  we  have  so  often 
called  an  inferential  whole  or  an  implicative  system. 

This  notion  of  systematic  connection  is  the  essential  ele¬ 
ment  in  the  nature  of  judgment,  and  in  the  following  list 
of  definitions  of  judgment  it  comes  to  expression  in  each 
(definition.  “Judgment  discloses  a  relation  between  two 
things  (Avicenna).  Judgment  connects  together  or  sep¬ 
arates  from  each  other  two  notions  (Wolff).  Judgment 
connects  many  possible  cognitions  into  one  (Kant).  Judg¬ 
ment  connects  the  attributes  connoted  by  terms  (Mill), 
judgment  connects  subject  and  predicate  in  definite  form 
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(Lotze).”2  The  inmost  essence  of  judgment  is  this  tying 
of  discrete  qr.  separate  elements  into__a_umty . 

Three  other  important  characteristic  features  of  logical 
judgments  or  propositions  may  be  briefly  mentioned.  (1) 
Necessity.  The  intellect  is  subject  to  constraint  when  it 
judges.  This  is  what  really  distinguishes  judgment  from 
mere  daydreaming.  The  objective  fact  determines  the  na¬ 
ture  of  the  judgment  or  logical  proposition,  and  the  mind 
is  constrained  to  judge  the  way  the  fact  is.  As  Bosanquet 
has  well  remarked,  this  constraint  comes  to  expression  in 
such  popular  expressions  as  “I  am  obliged  to  think,”  and 
“I  cannot  but  believe.”  And  it  also  comes  to  expression 
in  the  well-worn  formula:  The  logic  of  the  situation  was 
ignored  by  the  writer  or  speaker.  (2 )  Universality.  Every 
judgment  is  also  universal  in  the  sense  that  any  intelligent 
being  would  make  the  same  judgment,  given  identically 
the  same  facts.  The  logical  proposition  is  independent  of 
human  spontaneity  and  prejudice.  It  is  a  kind  of  objective 
standard,  and  every  intelligence  must  recognize  it  as  being 
demanded  by  the  situation.  This  universality  of  judgment 
follows  as  a  direct  corollary  of  its  necessity.  (3)  Truth. 
Every  judgment  claims  truth.  Unless  a  man  in  making  an 
affirmation  or  denial  aims  at  truth  the  judgment  in  which 
the  affirmation  or  denial  is  expressed  is  not  really  a  judg¬ 
ment.  No  proposition  is  a  logical  proposition  which  does 
not  claim  truth. 

The  Chief  Types  of  Propositions 

There  are  a  number  of  different  ways  of  classifying 
propositions,  but  it  suits  my  purpose  best  to  make  the 
following  division. 

Categorical  propositions  are  straightforward  assertions 
or  denials:  “Towser  is  Fred’s  dog.”  “ The  moon  is  made 


2  See  J.  Brough’s  article  entitled  “Judgment,”  in  Hastings’  En¬ 
cyclopedia  of  Religion  and  Ethics. 
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of  green  cheese.”  “No  comets  have  circular  orbits.” 
‘‘Some  dogs  are  vicious  animals.”  ‘‘Some  Turks  are  not 
fanatical.”  These  are  examples  of  categorical  propositions. 
The  distinction  may  also  be  made  between  pure  and  modal 
categorical  propositions.  The  above  examples  are  all  pure 
categorical  propositions.  For  a  modal  proposition  qualifies 
the  assertion  or  denial  by  stating  the  mode  or  manner  in 
which  P  is  connected  with  S.  For  example:  “All  that 
lives  must  die.”  “It  may  rain  to-morrow.”  “He  might 
come  yet.”  “An  intemperate  man  will  probably  be 
sickly.  ’  ’  The  italicized  words  are  the  qualifying  modal  ex¬ 
pressions.  We  shall  not  deal  further  with  modal  judg¬ 
ments,  since  they  can  readily  be  reduced  to  pure  categori¬ 
cal  propositions  by  putting  the  modal  expression  in  the 
predicate  term. 

Over  against  categorical  propositions  stand  conditional 
propositions.  These  make  an  assertion  or  denial  subject 
to  a  condition  or  proviso.  There  are  two  kinds,  hypothet¬ 
ical  and  disjunctive.  The  usual  sign  of  the  hypothetical 
proposition  is:  “If  so-and-so,  then  so-and-so.”  “If  he  is 
intemperate  he  will  be  sickly.”  There  is  a  categorical  ele¬ 
ment  in  every  hypothetical  proposition.  For  to  use  the 
example  just  given,  while  it  is  not  asserted  that  he  is  in¬ 
temperate  nor  that  he  will  be  sickly,  it  is  asserted  that  there 
is  a  connection  between  being  intemperate  and  being  sickly. 
Thus,  although  the  hypothetical  proposition  does  not  af¬ 
firm  or  deny  its  antecedent  or  consequent,  these  being  the 
names  of  the  two  parts  of  an  hypothetical,  nevertheless  it 
does  affirm  a  relation  between  them.  Up  this  sense  it  is 
categorical.  In  fact,  any  categorical  proposition  can  he 
expressed  hypothetically,  and  any  hypothetical  proposition 
can  be  expressed  categorically.  The  disjunctive  proposition 
is  usually  expressed  by  the  words  either  this  or  that.  Its 
parts  are  called  alternatives.  Here,  too,  there  is  a  cate¬ 
gorical  element.  Neither  this  nor  that  is  asserted,  but  one 
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or  the  other  is  asserted,  so  that  other  alternatives  are  ex¬ 
cluded.  For  example:  “Either*  the  policeman  shot  the 
student,  or  the  testimony  of  the  witness  is  unreliable.” 
Here  it  is  not  asserted  that  the  policeman  shot  the  student, 
and  it  is  not  asserted  that  the  witness’s  testimony  is  un¬ 
reliable,  but  it  is  asserted  that  one  or  the  other  alternative 
is  true.  Which  one  is  not  asserted.  When  the  separate 
alternatives  of  a  disjunctive  proposition,  or  the  antecedent 
and  consequent  of  the  hypothetical,  are  either  affirmed  or 
denied,  each  of  the  various  affirmations  and  denials  is  a 
pure  categorical  proposition.  We  shall  postpone  further 
consideration  of  conditional  propositions  until  we  take  up 
hypothetical  syllogisms  in  section  four. 

Returning,  now,  to  pure  categorical  propositions,  we 
must  subdivide  them  according  to  two  different  principles : 
quality  and  quantity.  By  quality  we  mean  the  character¬ 
istic  of  a  proposition  as  affirmative  or  negative.  Thus: 
“Socrates  was  the  wisest  man  in  Athens,”  is  an  affirma¬ 
tive  proposition.  “No  Armenians  can  escape  the  Turkish 
massacres,”  is  negative  in  quality.  By  the  quantity  of  a 
proposition  we  mean  its  extent.  This  is  determined  by 
whether  the  subject  term  is  distributed  or  undistributed. 
Propositions  are  called  universal  when  the  -Predicate  is 
^affirmed  or  denied jffijxZLoPE^^ 

p'arTi^teWwEeirllie  predicate  is  affirmed  or  denied  oFonly 
p^rt~oFth?r-s»feject.  Thus:  “AW  horses  are  quadrupeds,” 
is  a  universal  proposition,  whereas,  “some  horses  are  quad¬ 
rupeds,”  is  a  particular  proposition.  Singular  proposi¬ 
tions,  that  is  to  say,  propositions  having  for  their  subject  a 
term  which  has  only  one  object  in  its  extension,  are  treated 
as  universal,  since  to  refer  to  that  one  object  in  the  judg¬ 
ment  is  to  use  the  term  in  its  complete  extension.  Thus 
the  proposition :  ‘  ‘  The  sun  is  the  center  of  the  solar  sys¬ 
tem,  ’  ’  is  universal  because  the  sun  is  here  used  as  a  singu¬ 
lar  term,  and  obviously  all  of  the  sun  is  meant.  It  follows 
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that  there  are  no  particular  propositions  in  which  singu¬ 
lar  terms  are  used. 

Both  universal  and  particular  propositions  may  be  either 
affirmative  or  negative  in  quality.  This  gives  a  total  of 
four  kinds  of  propositions,  which  are  extremely  important 
in  traditional  logic,  and  we  shall  be  dealing  with  them  ex¬ 
clusively  through  the  rest  of  this  and  through  the  next 
section,  or  down  to  Chapter  XV.  They  are  symbolized 
as  follows :  The  universal  affirmative  is  called  the  A  prop¬ 
osition  and  the  particular  affirmative  is  called  the  I  prop¬ 
osition.  These  symbols  are  the  first  two  vowels  in  the 
Latin  word  affirmo,  meaning  to  affirm.  The  universal  neg¬ 
ative  is  called  the  E  proposition  and  the  particular  nega¬ 
tive  is  called  the  0  proposition.  These  symbols  are  the 
vowels  in  the  Latin  word  nego,  which  means  to  deny.  The 
A  proposition  is  affirmative  in  quality  and  universal  in 
quantity;  the  E  is  negative  in  quality  and  universal  in 
quantity ;  the  I  is  affirmative  in  quality  and  particular  in 
quantity ;  and  the  0  is  negative  in  quality  and  particular 
in  quantity. 

The  following  classification  is  a  schematic  summary  of 
the  kinds  of  propositions : 

Propositions 

I.  Conditional 

A  Hypothetical  (If . then  .  .  .  .  ) 

B  Disjunctive  (Either  .  ...  or  ....  ) 

II.  Categorical 

A  Modal  (may,  must,  probably,  etc.  .  .  .  ) 

B  Pure  (a  straightforward  assertion) 

(1)  Universal 

A  (a)  Affirmative  (All,  every,  any,  etc.) 

E  (b)  Negative  (No,  and  the  so  and  so  is  not ) 

(2)  Particular 

I  (a)  Affirmative  (Some  so  and  so  are  .  .  .  .) 

0  (b)  Negative  (Some  so  and  so  are  not  .  .  .  .) 
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Logical  Form  of  Propositions 

In  order  to  perform  the  various  logical  operations,  which 
are  explained  in  the  next  chapter,  it  is  necessary  that  the 
proposition  be  in  correct  logical  form  to  begin  with.  And 
that  means  that  it  must  be  unambiguous  with  regard  both 
to  quantity  and  quality.  Otherwise  expressed,  to  put  a 
proposition  in  logical  form  is  to  write  it  so  that  one  of 
the  symbols  A,  E,  I,  and  0  may  be  used  correctly  to  desig¬ 
nate  it.  If  the  proposition  has  a  double  meaning  it  will 
even  be  necessary  to  reduce  it  to  two  or  more  logical  prop¬ 
ositions,  one  of  which  may  be,  for  instance,  A  and  the  other 
0.  There  are  various  types  of  expression  which  cause 
trouble.  I  shall  consider  only  the  four  most  important 
types. 

1.  Propositions  having  other  verbs  than  is  or  are  as 
copula.  Take  as  an  example:  “All  the  German  battle¬ 
ships  have  been  destroyed  by  the  Allies.”  All  such  prop¬ 
ositions,  including  those  mentioned  above  which  contain 
modal  verbal  expressions,  are  readily  reducible  to  logical 
form  by  throwing  the  ver|b  into  a  relative  clause,  and 
using  either  is  or  are  for  the  copula.  Thus  the  example 
just  given  is  reduced  to  logical  form  by  writing:  “All  the 
German  battleships  are  the  ships  which  have  been  destroyed 
by  the  Allies.”  “Socrates  declared  knowledge  to  be  vir¬ 
tue,”  becomes:  “Socrates  is  one  who  declared  knowledge 
to  be  virtue.”  Note  that  it  is  necessary  to  supply  a  word 
synonymous  with  the  subject  term  in  order  to  have  some¬ 
thing  for  the  relative  clause  to  qualify. 

2.  Propositions  beginning  with  “not  all,”  or  beginning 
with  “all”  and  having  “not”  after  the  copula.  Take  the 
following  examples:  “Not  all  who  mock  their  bonds  are 
free.”  “All  is  not  lost.”  “All  lawyers  are  not  formal¬ 
ists.”  Such  propositions  have  the  appearance  of  being 
universal,  but  they  are  not.  In  reality  they  are  all  0  prop¬ 
ositions.  They  are  neither  universal  negatives  nor  uni- 
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versal  affirmatives,  but  particular  negatives.  Thus,  “Not 
all  who  mock  their  bonds  are  free,”  really  means,  “Some 
who  mock  their  bonds  are  not  free.”  “All  is  not  lost,” 
means,  “Something  is  not  lost.”  “All  lawyers  are  not 
formalists,”  means,  “Some  lawyers  are  not  formalists.” 
Of  course  an  I  proposition,  for  example,  “Some  lawyers 
are  formalists,”  is  also  implied  in  such  forms  of  expres¬ 
sion,  but  the  central  meaning  is  expressed  in  the  particu¬ 
lar  negative  proposition. 

3.  Exclusive  Propositions.  These  are  perhaps  the  most 
difficult  to  express  in  logical  form.  They  are  propositions 
introduced  by  such  expressions  as  “none  but”  and  “only.” 
“None  but  the  wise  are  good.”  “Only  ignorant  persons 
hold  such  opinions.”  In  the  same  group  belongs  such  a 
proposition  as:  “He  jests  at  scars  who  never  felt  a 
wound.”  For  here  a  part  of  the  subject  is  written  after 
the  predicate,  and  the  statement  is  equivalent  to :  “  Only 
he  who  never  felt  a  wound  is  one  who  jests  at  scars.”  Now 
to  reduce  such  propositions  to  logical  form  three  differ¬ 
ent  methods  may  be  employed :  ( a )  Take  the  opposite  of 

the  subject  as  the  subject  of  an  E  proposition,  and  leave 
the  predicate  as  it  stands  in  the  original  assertion.  Thus, 
“None  but  the  wise  are  good,”  becomes,  “No  non-wise  are 
good.”  “Only  ignorant  people  hold  such  opinions,”  be¬ 
comes,  “No  non-ignorant  persons  are  those  who  hold  such 
opinions.”  “Only  he  who  never  felt  a  wound  is  one  who 
jests  at  scars,”  becomes,  “None  of  those  who  have  felt 
wounds  are  those  who  jest  at  scars.”  (&)  Another 
way  to  put  exclusive  propositions  into  logical  form 
is  to  take  the  predicate  as  the  subject  of  an  A  propo¬ 
sition,  and  qualify  it  by  the  original  subject.  That  is  to 
say,  the  original  subject  becomes  the  predicate  of  the  A 
proposition  which  is  taken  as  the  correct  logical  form. 
Using  the  same  examples,  this  method  gives  us:  “All  the 
good  are  wise,”  “All  who  hold  such  opinions  are  ignorant,” 
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and,  “All  who  jest  at  scars  are  those  who  never  felt  a 
wound.”  (c)  A  third  method  of  dealing  with  such  propo¬ 
sitions  is  to  keep  both  the  subject  and  the  predicate  the 
same  and  make  two  particular  propositions:  an  I  and  an 
0.  Thus:  “Some  of  the  wise  are  good,”  and,  “Some  of 
the  wise  are  not  good.  ”  “  Some  ignorant  persons  are  those 
who  hold  such  opinions,”  and,  “Some  ignorant  persons 
are  not  those  who  hold  such  opinions.”  Now  this  method 
is  the  weakest  for  two  reasons.  In  the  first  place,  we 
really  have  no  right  to  the  0  proposition.  It  may  be  true 
that,  “All  of  the  wise  are  good.”  We  know  only  that  some 
are.  That  some  are  not  remains  nothing  but  a  possibility. 
The  I  proposition  is  really  all  we  are  entitled  to  take 
when  we  use  this  method,  because  the  A  and  the  0  are 
either  one  possible.  And  in  the  second  place,  it  is  always 
better  to  get  all  you  can  out  of  an  assertion  in  putting  it 
into  logical  form.  Assuming  that  an  I  or  an  A  are  both 
possible,  we  should  use  the  method  which  will  give  us  an 
A  or  universal  proposition.  For  these  reasons  few  logi¬ 
cians  recognize  this  third  method. 

4.  Exceptive  Propositions.  Another  type  of  proposition 
are  those  introduced  by  such  expressions  as  “all  except” 
and  “few,  save.”  For  example:  “All  of  the  members  of 
Congress  from  Wisconsin  except  LaFollette  and  Berger, 
voted  for  the  war.”  “Few,  save  the  poor,  feel  for  the 
poor.”  These  are  really  negative:  “LaFollette  and  Ber¬ 
ger  are  not  those  who  voted  for  the  war.”  “Some  (mean¬ 
ing  most)  non -poor  are  not  those  who  feel  for  the  poor.” 
The  student  will  observe  that  an  exceptive  proposition 
can  easily  be  changed  into  an  exclusive  one:  “Only  La¬ 
Follette  and  Berger  voted  against  the  war.”  “Only  the 
rich  fail  to  feel  for  the  poor.” 

While  this  is  not  an  exhaustive  division  of  the  various 
types  of  propositions  which  have  to  be  reduced  to  logical 
form  the  student  who  masters  the  reduction  of  these  more 
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common  and  more  difficult  forms  should  have  no  trouble 
in  dealing  with  the  others.  If  he  finds,  for  instance,  $  and 
P  reversed,  as  in  “Blessed  are  the  merciful,”  he  will  at 
once  recognize  that  this  means,  “All  of  the  merciful  are 
those  who  are  blessed.”  Practice  alone  will  make  one 
proficient  in  comprehending  the  real  logical  meaning  in  a 
sentence  in  which  it  is  not  clearly  expressed.  And  even 
though  many  students  inevitably  look  upon  such  exer¬ 
cises  as  tedious  and  tiresome,  and  regard  the  intellectual 
labor  expended  in  putting  propositions  in  logical  form  as 
wasted  energy,  this  is  because  they  do  not  know  how  much 
it  may  be  made  to  mean  to  them.  Professor  Mellone  is 
unquestionably  right  when  he  says  that  such  exercises, 
carefully  performed,  constitute  one  of  the  most  valuable 
mental  disciplines  in  the  study  of  elementary  logic. 

The  Distribution  of  S  and  P  in  A,  E,  I  and  0  Propositions 

The  chief  purpose  of  putting  propositions  into  logical 
form  may  be  said  to  be  to  make  explicit  the  distribution 
of  the  subject  and  the  predicate  terms  of  each  of  the  four 
types  of  propositions.  In  the  case  of  the  subject  the  dis¬ 
tribution  becomes  obvious  as  soon  as  the  proposition  is 
\  put  into  logical  form,  but  the  rule  is  that  all  universal 
1  propositions  distribute  their  subjects,  and  all  particular 
1  propositions  leave  their  subjects  undistributed.  It  is  not 
so  easy,  however,  to  see  what  the  distribution  of  the  predi¬ 
cate  term  is,  because  predicate  terms  are  used  in  inten¬ 
sion  rather  than  in  extension.  But  the  rule  for  the  predi- 
)  I  cate  term  is :  All  negative  propositions  distribute  their 
V  predicates  and  all  affirmative  propositions  leave  their  pred- 
\  icates  undistributed.  The  ability  to  determine  rapidly 
*  and  surely  the  distribution  of  terms  in  propositions  is  so 
essential  to  an  understanding  of  what  follows  that  the 
student  will  do  well  to  memorize  these  two  rules.  Note 
that  the  rule  for  the  distribution  of  the  subject  is  based 
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on  quantity,  whereas  that  for  the  predicate  is  based  on 
quality. 

This  matter  of  distribution  is  made  much  clearer  by 
considering  the  formal  relation  of  8  and  P  in  each  of  the 
four  types  of  propositions.  The  great  mathematician  and 
logician,  Euler,  devised  circles  for  this  purpose.  Figure 


I  represents  the  A  proposition.  Since  all  of  8  falls  within 
P,  S  is  said  to  be  distributed,  in  that  all  of  the  members 
of  the  class  S  are  talked  about  in  the  proposition.  P  is 
undistributed  because  only  those  members  of  P  which  are 


Figure  II 


also  members  of  S  are  talked  about.  The  part  of  P  which 
falls  outside  of  S  is  not  under  consideration  in  the  A  prop¬ 
osition.  But  in  Figure  II,  which  represents  the  E  propo¬ 
sition,  the  whole  of  8  and  the  whole  of  P  are  talked  about, 
since  all  of  P  is  asserted  to  fall  outside  of  all  of  8.  It  is 
denied  that  any  of  the  members  of  the  class  S  are  members 
of  the  class  P.  Now  for  all  of  the  members  of  a  class  to 
be  under  consideration  means  that  the  term  standing  for 
that  class  is  distributed.  Figure  III  represents  the  I  prop¬ 
osition.  Here  none  of  the  members  of  the  class  8  outside 
of  class  P  is  talked  about  nor  are  any  of  the  members  of 
the  class  P  which  are  outside  of  the  class  8.  The  content 
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of  the  judgment  is  restricted  to  those  members  which  are 
common  to  S  and  to  P.  Since  only  a  part  of  8  and  only 
a  part  of  P  are  under  consideration  both  terms  are  undis- 

I  =  Some  S  is  P. 


Figure  III 

tributed.  In  Figure  IV,  however,  all  of  P  is  talked  about, 
because  when  we  say  that  some  S  is  not  P  we  always  mean 
that  it  is  not  any  of  P  or  not  anywhere  in  P.  Obviously 
S  is  here  undistributed  because  we  are  only  concerned  with 


0  =  Some  S  is  not  P. 


Figure  IV 

that  part  of  S  which  is  not  in  P.  Hence  the  0  proposition 
distributes  only  the  predicate. 

There  is  danger  in  using  the  circles  of  Euler  to  illustrate 
the  relation  of  an  object  or  instance  to  its  class  or  genus 
or  kind.  This  was  referred  to  above  in  the  discussion  of 
the  three  different  meanings  of  membership  in  a  class. 
It  must  not  be  thought  that  the  relation  between  a  class 
and  its  members  is  extraneous  or  arbitrary,  in  the  sense 
that  the  members  can  be  separated  from  the  class  without 
affecting  them  or  it.  But  if  he  is  on  his  guard  against 
this  danger,  the  circles  of  Euler,  by  giving  a  visible  repre¬ 
sentation  to  the  formal  relation  of  8  and  P  in  the  four 
types  of  propositions,  assist  a  beginning  student  in  getting 
a  firmer  grasp  of  the  meaning  of  disti  ibution. 
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Exercise  V 

Put  the  following  propositions  into  correct  logical  form.  Indi¬ 
cate  the  quantity  and  quality  by  writing  the  proper  symbol 
(A,  E,  I  or  0)  opposite  each  proposition. 

1.  Some  corporations  have  no  funded  debt. 

2.  Only  non-natienalists  make  good  internationalists. 

3.  None  but  the  Russians  would  tolerate  a  Bolshevist  regime. 

4.  All  the  Armenians  were  not  massacred. 

6.  Few  of  the  Armenians  escaped,  except  those  living  in  Russia. 

6.  Not  all  sectarians  are  fanatical. 

7.  No  American  troops  remain  on  the  Rhine. 

8.  All  the  relics  from  the  tomb  of  Tut-ankh-amen  are  not  of  value. 

9.  Few  politicians  care  for  the  welfare  of  the  whole  nation. 

10.  All  farmers,  except  the  ignorant,  favor  good  roads. 

11.  Only  those  who  are  ignorant  of  logic  condemn  it. 

12.  Not  all  members  of  the  Ku  Klux  Klan  wear  masks. 

13.  All  heat  engines  must  possess  a  hot  body,  or  source  of  heat, 
and  a  cold  body,  or  condenser. 

14.  All  possible  conditions  in  all  possible  departments  of  the  uni¬ 
verse  cannot  be  studied  scientifically. 

15.  Any  mechanical  system  will  absorb  energy  which  falls  on  it  in 
similar  periodic  unison  with  its  own  vibrations. 

16.  Only  those  plants  which  were  useful  in  medicine  or  agricul¬ 
ture  attracted  the  attention  of  the  Greeks. 

17.  Mankind  appears  to  be  subject  to  evolution. 

18.  Some  of  the  diseases  were  noticed  by  the  Greeks  which  we  now 
know  to  be  caused  by  microbic  action. 

19.  Carbon  possesses  properties  more  complicated  than  those  of 
other  elements. 

20.  It  is  never  safe  to  build  conclusions  on  mere  gaps  in  knowledge. 

21.  All  intuitive  knowledge  is  not  knowledge  about  things. 

22.  We  can  only  know  what  we  can  experience. 

23.  We  never  reach  logical  certainty  in  physical  science. 

24.  Of  making  many  books  there  is  no  end. 

25.  All  that  lives  must  die. 

26.  Most  of  politics  appear  to  be  beyond  the  grasp  of  the  average 
man. 

27.  They  say  that  the  liberals  must  go. 

28.  Nobody’s  intolerance  ean  contribute  to  the  solution  of  religious 
problems. 

29.  The  present  world  situation  smells  to  heaven. 

30.  Only  microbes  cause  contagious  diseases. 

31.  All  except  the  seniors  must  take  a  final  examination. 

32.  None  but  the  weak  are  a  detriment  to  society. 
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33.  Not  all  murderers  are  hanged. 

34.  Only  those  people  who  are  ill-bred  eat  with  a  knife. 

35.  Only  those  who  have  suffered  can  be  sympathetic. 

36.  All  that  glitters  is  not  gold. 

37.  None  but  the  victors  deserve  the  spoils. 

38.  Not  all  students  make  Phi  Beta  Kappa. 

39.  All  of  the  tickets  were  not  sold. 

40.  Only  those  rays  of  light  which  are  absorbed  produce  chemical 
action. 

41.  All  the  great  nations,  except  the  United  States,  have  entered 
the  League  of  Nations. 

42.  Not  all  theorists  are  practical. 

43.  Only  native-born  citizens  can  be  candidates  for  President. 


CHAPTER  VII 


THE  IMMEDIATE  INFERENCES 

Definition  of  Immediate  Inference 

There  are  a  number  of  ways  of  interpreting  a  proposi¬ 
tion  which  aid  in  bringing  to  light  its  underlying  implica¬ 
tive  system.  These  various  processes  are  called  immediate 
inferences.  Taking  a  single  proposition,  these  processes 
make  divers  changes  in  quantity  or  in  quality  or  in  the 
order  of  S  and  P  for  the  purpose  of  expressing  the  under¬ 
lying  implicative  system  in  as  many  different  ways  as  pos¬ 
sible.  If  the  process  or  processes  are  correctly  performed, 
the  additional  propositions  which  are  thereby  obtained 
have  as  much  truth  as  the  original  proposition.  Some 
logicians  refer  to  these  processes  as  purely  formal  inter¬ 
pretations  of  the  meaning  of  a  proposition,  and  hold  that 
they  add  nothing  to  our  knowledge.  But  since  it  is  their 
purpose  to  make  explicit  the  different  aspects  of  the  im¬ 
plicative  system  which  is  embodied  in  the  proposition, 
they  are  not  really  entirely  formal,  but  frequently  aid  the 
thinker  in  getting  a  better  grasp  of  the  real  meaning  of  a 
given  proposition.  In  giving  a  new  formulation  to  a 
proposition,  there  is  no  question  but  what  the  underlying 
implicative  system  is  set  in  clearer  relief. 

There  are  seven  immediate  inferences:  (1)  Immediate 
inference  by  opposition.  (2)  Conversion.  (3)  Obversion. 
(4)  Contraposition.  (5)  Inversion.  (6)  Immediate  in¬ 
ference  by  added  determinants.  (7)  Immediate  inference 
by  complex  conception.  The  first  three  are  the  most  im¬ 
portant.  Contraposition  and  inversion  are  combinations 
of  conversion  and  obversion.  The  sixth  and  seventh  are 
merely  verbal  and  are  easily  explained. 
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Opposition  and  Immediate  Inference  by  Opposition 

In  order  to  explain  what  is  meant  by  immediate  infer¬ 
ence  by  opposition  we  must  first  understand  the  meaning 
of  opposition.  Propositions  are  said  to  be  opposed  when 
they  have  the  same  subject  and  predicate  but  differ  in 
quantity  or  in  quality  or  in  both.  When  they  differ  only 
in  quantity  they  are  called  subalterns,  when  they  differ 
only  in  quality  they  are  called  contraries  or  sub -contraries, 
A  and  E  being  called  contraries  and  7  and  0  sub-contra¬ 
ries,  and  when  they  differ  in  both  quantity  and  quality, 
they  are  called  contradictories.  The  famous  square  of 
opposition,  which  has  come  down  to  us  from  Aristotle,  will 
make  these  relations  clearer. 


A.  All  men  are  mortal. 

E.  No  men  are  mortal. 

I.  Some  men  are  mortal. 

0.  Some  men  are  not  mortal. 

We  are  now  in  a  position  to  understand  immediate  in¬ 
ference  by  opposition.  We  get  such  an  immediate  infer¬ 
ence  when  we  assume  any  one  of  the  four  opposite  propo¬ 
sitions,  A,  E,  I  or  0,  to  be  either  true  or  false  and  draw  a 
conclusion  as  to  the  truth,  falsity  or  doubtfulness  of  the 
other  three.  If  A  is  assumed  true  we  know  that  1  is  true 
because  what  is  true  of  all  must  be  true  of  some,  but  we 
also  know  that  E  and  0  are  false  because  what  is  affirmed 
of  all  cannot  be  denied  either  of  all  or  of  some  without 
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violating1  the  law  of  contradiction.  But  if  we  assume  A 
to  be  false,  then  only  0  is  true  since  I  or  E  may  be  either 
true  or  false.  Hence  we  say  they  are  doubtful.  The  stu¬ 
dent  can  work  out  the  truth,  falsity  or  doubtfulness  of  the 
opposites  when  any  one  of  the  propositions  is  assumed 
true,  from  Table  I,  and,  when  any  one  is  assumed  false, 
from  Table  II. 

Table  I 


A 

E 

1 

0 

is 

is 

is 

is 

If  A  is  true 

true 

false 

true 

false 

If  E  is  true 

false 

true 

false 

true 

If  I  is  true 

doubtful 

false 

true 

doubtful 

If  0  is  true 

false 

doubtful 

doubtful 

true 

Table  II 

A 

E 

1 

0 

is 

is 

is 

is 

If  A  is  false 

false 

doubtful 

doubtful 

true 

If  E  is  false 

doubtful 

false 

true 

doubtful 

If  I  is  false 

false 

true 

false 

true 

If  0  is  false 

true 

false 

true 

false 

Only  contradictory  propositions  are  strict  opposites  in 
the  sense  that  when  one  is  true  the  other  is  false,  and  vice 
versa.  This  may  be  expressed  in  a  practical  maxim:  “To 
prove  a  given  proposition  false,  establish  the  truth  of  its 
contradictory.”  Thus  if  you  said  that,  “All  of  the  foot¬ 
ball  playing  of  Jimmie  Johnson  is  stellar  playing,”  you 
would  be  refuted  by  any  one  mentioning  a  single  poor 
play  made  by  Jimmie  Johnson.  On  the  other  hand,  if 
you  said,  “Some  of  Jimmie  Johnson’s  football  playing  is 
stellar,”  you  could  only  be  refuted  by  the  establishment 
of  the  universal  negative:  “None  of  his  playing  is  stel- 
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lar.  A  common  failing1  of  naive  and  inexperienced  think¬ 
ers  is  the  making  of  hasty  and  loose  generalizations.  Those 
who  form  the  habit  of  measuring  the  length  and  breadth 
of  their  assertions  avoid  making  sweeping  universal  state¬ 
ments  which  are  not  warranted  by  the  actual  facts,  and 
for  this  reason  their  opinions  carry  more  weight.  They 
are  said  to  be  more  judicial.  Here  is  a  good  practical  les¬ 
son  to  be  learned  from  the  study  of  immediate  inference 
by  opposition. 

Conversion 

To  convert  a  proposition  is  to  reverse  the  subject  and 
predicate.  The  original  proposition,  which  is  known  as 
the  convertend,  must  first  be  put  in  strict  logical  form. 
Its  converse  is  obtained  by  transferring  all  of  8  to  the 
position  of  the  predicate  and  all  of  P  to  the  position  of  the 
subject.  The  quality  of  the  converse  is  always  the  same 
as  that  of  the  convertend,  that  is,  negatives  convert  into 
negatives  and  affirmatives  into  affirmatives.  Thus:  “No 
bacteria  are  harmless,”  converts  into:  “No  harmless 
things  are  bacteria.”  And:  “Some  elements  are  com¬ 
posed  of  helium  atoms,”  converts  into:  “Some  things 
composed  of  helium  atoms  are  elements.”  Assuming  the 
convertend  to  be  true,  the  truth  of  the  converse  follows. 

There  are  two  kinds  of  conversion — simple  conversion, 
examples  of  which  were  just  given,  and  conversion  by 
limitation,  or,  as  the  older  logicians  called  it,  conversion 
per  accidens.  The  distinction  between  the  two  kinds  is 
made  necessary  by  the  rule  for  conversion:  No  term  can 
be  distributed  in  the  converse  which  is  undistributed  in 
the  convertend.  Perhaps  a  clearer  way  of  stating  this 
rule  is  that  one  is  forbidden  to  refer  to  all  of  the  members 
of  either  S  or  P  in  the  converse,  if  only  some  of  their  mem¬ 
bers  are  referred  to  in  the  convertend.  One  can  pass  from 
all  in  the  convertend  to  some  in  the  converse,  but  one  can- 
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not  pass  from  some  in  the  convertend  to  all  in  the  converse. 
Simple  conversion  means  keeping  the  proposition  the  same 
in  quantity,  and  this  is  possible  for  1  and  E  propositions 
because  the  distribution  of  both  8  and  P  is  the  same  in  each 
of  these  two  types  of  propositions.  That  is  to  say,  in  I 
both  terms  are  undistributed  and  in  E  both  are  distributed. 
Hence  there  is  no  danger  of  changing  the  distribution 
when  S  and  P  are  reversed.  Note  that  the  examples  given 
above  are  I  and  E.  Now,  since  a  singular  term  is  always 
distributed,  the  singular  A  is  also  converted  by  simple 
conversion.  For  example:  “Socrates  was  the  wisest  man 
in  Athens,”  converts  into:  “The  wisest  man  in  Athens 
was  Socrates.” 

Conversicm  by  limitation  or  per  accidens  applies  only 
to  the  universal  A  propositions,  that  is,  to  A  propositions 
having  more  than  one  member  in  S  and  P.  For  example : 
“All  primitive  people  are  believers  in  magic,”  converts 
into  :  ‘  ‘  Some  believers  in  magic  are  primitive  people.  ’  ’ 

When  P  becomes  the  subject  of  the  converse  it  has  to  be 
limited  and  the  proposition  becomes  I,  for  in  the  conver¬ 
tend  “believers  in  magic,”  being  the  predicate  of  an  affirm¬ 
ative  proposition,  is  undistributed.  It  means  only  some 
believers  in  magic  and  this  undistributed  sense  must  be 
retained  in  the  converse.  Now  for  the  same  reason  that 
A  (universal  as  distinct  from  singular)  converts  by  limi¬ 
tation,  0  cannot  be  converted.  For  $  is  undistributed  in 
0,  and  when  it  becomes  the  predicate  of  the  converse  it 
necessarily  becomes  distributed  as  the  predicate  of  an 
0  proposition.  Hence  the  conversion  of  0  is  always  a 
violation  of  the  rule.  For  example :  *  ‘  Some  swans  are 

not  black,”  would  necessarily  become:  “Some  black 
things  are  not  swans,  ’  ’  and  we  have  no  right  to  pass  from 
some  swans  in  the  convertend  to  all  swans  in  the  converse, 
for  we  have  already  made  it  clear,  with  the  circles  illus¬ 
trating  distribution  at  the  end  of  the  last  chapter,  that 
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the  predicate  of  an  0  proposition  includes  all  of  its  mem¬ 
bers.  But  note  that  the  singular  E,  which  also  has  the  not 
after  the  copula  and  consequently  resembles  an  0  in  form, 
can  be  converted  by  simple  conversion.  For  example: 
“This  bird  is  not  the  bird  you  intended  to  kill,”  converts 
into:  “The  bird  you  intended  to  kill  is  not  this  bird.” 
Here,  however,  the  subject,  this  bird,  refers  only  to  one 
object  and  is  therefore  distributed.  It  is  this  fact  which 
makes  the  proposition  a  singular  E  instead  of  an  0.  Now 
it  goes  without  saying  that  a  universal  E  can  be 
converted  by  limitation,  since  what  has  been  denied  of  all 
can  be  denied  of  some. 

There  is  an  indirect  method  of  converting  0.  It  can 
first  be  obverted  into  I,  and  then  the  I  can  be  converted  by 
simple  conversion.  This  is  sometimes  called  conversion  hy 
negation,  but  it  is  really  equivalent  to  the  partial  contra¬ 
positive  and  this  cannot  be  understood  until  obversion 
is  explained. 

Obversion 

It  will  help  to  make  immediate  inference  by  obversion 
clear  if  we  remember  that  four  of  each  of  the  four  types 
of  propositions  are  possible,  when  we  take  account  of  both 
the  positive  terms  and  their  corresponding  negatives  or 
opposites.  This  will  be  obvious  from  Table  III,  in  which 
the  four  possibilities  for  A,  E,  I  and  0  propositions  are 
exemplified.  The  student  must  note  that  an  A  can  have 
a  negative  subject  and  a  positive  predicate  without  ceasing 
to  be  an  affirmative  proposition,  and  that  an  E  can  have 
a  positive  subject  and  a  positive  predicate,  and  still  be  a 
negative  proposition.  Understanding  obversion  is  abso¬ 
lutely  dependent  upon  grasping  this  distinction  between 
a  term  being  negative  and  a  proposition  being  negative. 
Table  III  is  intended  to  bring  this  distinction  into  clear 
relief. 
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Quality  of 
Proposition 

r a. 


Positive 


A. 

A. 

A. 


"E. 

E. 


Negative 


E. 


E. 


' I . 
1. 


Positive  •< 


I. 


"0. 

0. 


Negative 


0. 


0. 


Table  III 


All  P  is  P. 

All  men  are  mortal. 

All  non -S  is  P. 

All  non-men  are  mortal. 

All  non-P  is  non-P. 

All  non-men  are  non-mortal. 
All  P  is  non-P. 

All  men  are  non-mortal. 


Quality  of 
Term 

S  positive 
P  positive 
S  negative 
P  positive 
S  negative 
P  negative 
S  positive 
P  negative 


No  S  is  P. 

No  non-men  are  mortal. 

No  non-P  is  P. 

No  non-men  are  non-mortal. 
No  non-P  is  non-P. 

No  men  are  non-mortal. 

No  P  is  non-P. 

No  men  are  mortal. 


S  positive 
P  positive 
P  negative 
P  positive 
P  negative 
P  negative 
P  positive 
P  negative 


Some  P  is  P. 

Some  men  are  mortal. 

Some  non-P  is  P. 

Some  non-men  are  mortal. 
Some  non-P  is  non-P. 

Some  non-men  are  non-mortal. 
Some  P  is  non-P. 

Some  men  are  non-mortal. 


S  positive 
P  positive 
P  negative 
P  positive 
P  negative 
P  negative 
P  positive 
P  negative 


Some  P  is  not  P.  p 

Some  men  are  not  mortal.  P 

Some  non-P  is  not  P.  P 

Some  non-men  are  not  mortal.  P 
Some  non-P  is  not  non-P.  P 

Some  non-men  are  not  non-mortal.  P 
Some  P  is  not  non-P.  p 

Some  men  are  not  non-mortal.  P 


positive 

positive 

negative 

positive 

negative 

negative 

positive 

negative 


Now  in  obversion  we  have  to  make  use  of  non-P  to  re¬ 
place  P,  or  of  P  to  replace  non-P,  as  the  case  may  be. 
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For  that  reason  the  above  table  is  important.  Given 
any  proposition,  in  order  to  obvert  it  we  must  first  change 
the  quality  of  the  proposition,  from  A  to  E  or  vice  versa, 
or  from  I  to  0,  or  vice  versa,  and  then  substitute  for  the 
predicate  of  the  original  proposition  its  contradictory ,  that 
is  to  say,  the  term  having  the  opposite  quality.  If  in  the 
original  the  predicate  term  is  positive  we  substitute  non-P 
in  the  obverse  and  vice  versa.  Obversion,  then,  may  be 
defined  as  asserting  the  same  meaning  in  the  opposite 
quality. 

Consider  carefully  the  following  examples  of  each  of 
the  four  propositions  in  which  the  predicate  term  is  posi¬ 
tive: 


Obverse 


A.  All  good  clothes  are  expensive. 

E.  No  good  clothes  are  non-  or  inexpensive. 


Obverse 


E.  No  bad  eggs  are  edible. 

A.  All  bad  eggs  are  non-  or  inedible. 


Obverse 


I.  Some  people  are  normal. 

0.  Some  people  are  not  non-  or  abnormal. 


Obverse 


0.  Some  mushrooms  are  not  poisonous. 
7.  Some  mushrooms  are  non-poisonous. 


Since,  in  each  pair  of  propositions,  one  is  the  obverse 
of  the  other,  the  above  examples  serve  equally  well  to 
illustrate  the  process  for  propositions  having  negative 
predicate  terms,  if  the  first  of  each  pair  is  treated  as  the 
obverse  of  the  second,  instead  of  the  second  being  treated 
as  the  obverse  of  the  first.  1  and  0  usually  cause  the  most 
difficulty.  When  an  0  has  a  positive  predicate  it  obverts 
by  taking  the  not  out  of  the  proposition  and  putting  it 
into  the  predicate  term.  When  the  predicate  is  a  single 
word,  this  is  done  by  prefixing  non  with  a  hyphen  to  the 
term.  In  other  cases  the  word  not  is  put  into  a  relative 
clause.  Thus:  “Some  men  are  not  those  who  believe  in 
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peace  at  any  price,  ’  ’  becomes  in  the  obverse :  ‘  ‘  Some  men 
are  those  who  do  not  believe  in  peace  at  any  price.”  These 
two  propositions  are  identical  in  meaning,  but  the  first  is 
an  0  and  the  second  is  an  I  proposition.  The  first  has  a 
positive  predicate  and  the  second  has  a  negative  predicate. 
It  is  important  that  the  student  grasp  this  significant  dis¬ 
tinction  between  these  two  statements.  Now  when  the  I 
with  a  positive  predicate  is  obverted  two  negatives  are 
necessary.  One  of  these  changes  the  proposition  from 
positive  to  negative  form  and  is  written  immediately  after 
the  copula.  The  other  changes  the  predicate  into  a  nega¬ 
tive  term.  It  is  either  prefixed  to  or  put  inside  of  the 
predicate  in  such  a  way  that  other  words  stand  between 
it  and  the  not  just  after  the  copula.  Take  this  example : 
“Some  bams  are  suitable  for  dairy  cows,”  of  which  the 
obverse  is:  “Some  barns  are  not  non-  or  unsuitable  for 
dairy  cows,  ’  or  it  may  also  be  written :  ‘  ‘  Some  barns  are 
not  barns  which  are  not  suitable  for  dairy  cows.”  The 
most  natural  form  would  be  the  first  with  unsuitable  taken 
as  the  opposite  of  suitable1.  Sometimes,  however,  «the 
second  form  is  necessary  because  prefixing  the  non  or  un 
may  make  just  the  word  to  which  it  is  prefixed  negative 
instead  of  the  whole  of  the  predicate  term. 

Contraposition 

Immediate  inference  by  contraposition  does  not  involve 
anything  different  in  principle  from  obversion  and  conver¬ 
sion.  The  'partial  contrapositive  is  obtained  by  converting 
the  obverse.  The  full  contrjipositive  takes  another  step, 
and  obverts  the  converse  of  the  obverse  of  the  original. 
There  are  thus  two  steps  in  reaching  the  partial  contra¬ 
positive,  and  three  in  reaching  the  full  contrapositive. 
If  we  start  with  A,  we  get  by  obversion  E,  by  simple  con¬ 
version  E  (partial  contrapositive),  and  by  obversion  again 
A  (full  contrapositive).  If  we  start  with  E  we  get  by 


THE  IMMEDIATE  INFERENCES 


99 


obversion  A,  ■which  converts  by  limitation  into'  I,  and  ob- 
verts  into  0.  If  we  start  with  I  we  get  by  obversion  the  0 
proposition  which  cannot  be  converted  because  of  the  rule 
of  distribution.  There  is,  then,  no  contrapositive  for  I 
for  the  same  reason  that  there  is  no  converse  of  0.  But 
if  we  start  with  0,  we  get  by  obversion  I,  by  simple  con¬ 
version  I  and  by  obversion  again  we  get  0.  This  can  be 
expressed  as  follows:  AEEA,  EAIO,  10 — ,  OIIO.  Tak¬ 
ing  the  examples  given  above  under  obversion,  let  us  add 
the  two  steps  and  complete  the  process  to  the  full  con¬ 
trapositive  : 

A.  All  good  clothes  are  expensive. 

Obverse  E.  No  good  clothes  are  inexpensive. 

Partial  E.  No  inexpensive  things  are  good  clothes. 

Full  A.  All  inexpensive  things  are  things  which  are  not 
good  clothes 

jE.  No  bad  eggs  are  edible. 

Obverse  A.  All  bad  eggs  are  inedible. 

Partial  I.  Some  inedible  things  are  bad  eggs. 

Full  0.  Some  inedible  things  are  not  things  which  are  not 

bad  eggs. 

I.  Some  people  are  normal. 

Obverse  0.  Some  people  are  not  abnormal. 

Partial  (Not  obtainable  because  0  cannot  be  converted). 

Full  (Cannot  be  reached  because  no  partial  to  obvert). 

0.  Some  mushrooms  are  not  poisonous. 

Obverse  I.  Some  mushrooms  are  non-poisonous. 

Partial  I.  Some  non-poisonous  things  are  mushrooms. 

Full  0.  Some  non-poisonous  things  are  not  non-mush, 

rooms. 

Facility  in  reaching  the  full  contrapositive  of  a  state¬ 
ment  comes  only  with  practice.  The  student  must  remem¬ 
ber  to  begin  with  obversion,  and  hi  converting,  all  of  the 
subject  and  all  of  the  predicate  must  be  transposed.  The 
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full  contrapositive  can  be  obtained  directly  by  taking  for 
tbe  subject  non-P  of  the  original,  and  for  the  predicate 
non-N  of  the  original,  and  making  a  proposition  of  the 
same  quality  as  the  original.  When  this  is  done  the  student 
must  not  forget  that  when  the  original  is  E,  the  full  con¬ 
trapositive  is  always  0,  due  to  the  fact  that  the  obverse 
of  E,  being  A,  converts  by  limitation  into  I.  After  deriv¬ 
ing  the  contrapositive  by  going  through  the  separate  steps, 
the  student  should  practice  deriving  it  directly. 


Inversion 

The  inverse  of  a  proposition  is  one  having  non-$  for  its 
subject  and  the  same  predicate  as  in  the  original.  It  is 
only  obtainable  when  the  original  proposition  is  universal, 
either  A  or  E.  I  and  0  do  not  yield  an  inverse.  It  is 
reached  by  using  conversion  and  obversion  in  succession 
until  the  desired  form  appears.  If  the  original  proposi¬ 
tion  is  A  we  begin  with  obversion,  then  convert,  then  ob- 
vert,  then  convert,  then  obvert,  so  that  we  have  five  steps. 
In  this  case  we  take  the  full  contrapositive  of  A  and  con¬ 
vert  it  into  I,  and  then  obvert  the  result  into  0.  Using 
the  example  given  above,  we  get  the  following  steps: 


Obverse 

Partial  contrapositive 
Full  contrapositive 

Converse  of  full  con¬ 
trapositive  and 
partial  inverse 
Obverse  of  this  and 
full  inverse 


All  good  clothes  are  expensive. 

No  good  clothes  are  inexpensive. 

No  inexpensive  things  are  good  clothes. 

All  inexpensive  things  are  things  which 
are  not  good  clothes. 

Some  things  which  are  not  good  clothes 
are  inexpensive. 

Some  things  which  are  not  good  clothes 
are  not  expensive. 


But  note  that  the  full  inverse  is  here  invalidated  by  the 
change  in  distribution  of  the  term  expensive. 

If  we  start  with  E  we  have  to  begin  with  conversion, 
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then  obvert  and  then  convert  again  in  order  to  get  the 
inverse.  Using  the  example  given  above : 


Converse 

Obverse 

Converse  and  full 
inverse 

Obverse  and  partial 
inverse 


No  bad  eggs  are  edible. 

No  edible  things  are  bad  eggs. 

All  edible  things  are  things  which  are 
not  bad  eggs. 

Some  things  which  are  not  bad  eggs  are 
edible. 

Some  things  which  are  not  bad  eggs  are 
not  inedible. 


Immediate  Inference  by  Complex  Conception  and  by 
Added  Determinants 

These  are  not  especially  important  forms  of  immediate 
inference.  We  obtain  an  immediate  inference  by  com¬ 
plex  conception  by  nsing  the  subject  and  the  predicate  of 
the  original  proposition  to  qualify  the  same  word  in  the 
inferred  proposition.  Thus:  “Logic  is  useful,”  might 
be  made  more  complex  by  saying :  ‘  ‘  Logical  writings  are 

useful  writings.”  This  would  be  an  example  of  an  imme¬ 
diate  inference  by  complex  conception.  Added  determi¬ 
nants  qualify  both  the  subject  and  the  predicate  with  the 
same  words,  and  claim  that  the  truth  of  the  original  im¬ 
plies  the  truth  of  the  new  proposition.  Thus:  “A  negro 
is  a  man,”  might  become:  “The  murderer  of  a  negro  is 
the  murderer  of  a  man.”  This  would  be  true,  but  most 
immediate  inferences  by  added  determinants  and  by  com¬ 
plex  conception  are  false.  It  depends  altogether  on  the 
content  of  the  proposition.  Thus,  to  borrow  an  illustra¬ 
tion  from  Joseph,  if  it  is  true  that,  “A  shark  is  not  a 
mammal,”  it  is  also  true  that,  “The  anatomy  of  a  shark 
is  not  the  anatomy  of  a  mammal,”  but  it  is  not  true  that, 
“The  food  of  a  shark  is  not  the  food  of  a  mammal.”  It 
cannot  be  too  much  emphasized  that  real  inference  is 
not  a  purely  formal  process,  but  takes  into  consideration 
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the  content  as  well.  And,  as  Joseph  points  out,  the  real 
value  of  immediate  inference  by  complex  conception,  and 
by  added  determinants,  is  to  be  found  in  the  fact  that  they 
show  with  great  clearness  how  important  the  content  is  in 
determining  the  truth  of  a  proposition  obtained  by  these 
processes.  The  other  forms  of  immediate  inference  are 
far  more  formal,  as  is  shown  by  the  fact  that  they  are 
readily  obtained  when  symbols,  as  well  as  when  concrete 
concepts,  are  used  as  subject  and  predicate.  On  the  other 
hand,  it  is  not  possible  to  use  the  symbols  ( S  and  non-$ 
and  P  and  non-P)  in  immediate  inference  by  complex  con¬ 
ception,  and  by  added  determinants. 

Exercise  VI 

1.  In  the  following  set  of  opposite  propositions  show  what 
is  known  by  immediate  inference  by  opposition  about  all  the 
others,  when  each  is  assumed  true  and  when  each  is  assumed  false. 

(a.)  All  Frenchmen  are  brave. 

( 6 )  No  Frenchmen  are  brave. 

(c)  Some  Frenchmen  are  brave. 

(d)  Some  Frenchmen  are  not  brave. 

2.  Convert: 

(a)  Some  rabbits  are  wild. 

(b)  All  female  opossums  are  animals  which  carry  their  young  in 
a  pouch. 

(c)  No  American  Indians  are  intellectual  giants. 

( d )  No  kangaroos  are  natives  of  North  America. 

(e)  All  ground-hogs  are  hibernating  animals. 

(/)  Some  reptiles  are  hibernating  animals. 

(<7)  Some  men  are  so  gullible  that  they  would  believe  anything. 

(h)  All  socialists  are  radicals. 

(i)  No  bees  are  harmless. 

(j)  The  moon  is  not  made  of  green  cheese. 

(fc)  The  man  in  the  moon  is  a  creature  of  the  human  fancy. 

3.  Obvert  each  of  the  propositions  in  the  above  list,  and  also  the 
following : 
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(а)  Some  chickens  are  not  prairie  chickens. 

(б)  The  owl  is  not  abroad  in  daylight. 

(c)  Some  cows  are  easier  to  milk  than  others. 

(d)  Some  milk  of  magnesia  is  adulterated. 

4.  Give  the  full  contrapositive  and  the  inverse  of  each  of  the 
propositions  listed  in  questions  two  and  three  which  yield  either. 

5.  Convert,  obvert  and  contrapose  the  logical  form  or  forms 
of  each  of  the  propositions  listed  under  Exercise  V,  Ch.  YI. 


SECTION  III 

INFERENCE  AND  THE  SYLLOGISM 


CHAPTER  VIII 


THE  NATURE  OF  INFERENCE  AND  ITS  RELATION  TO  THE 

SYLLOGISM 


The  Nature  of  Inference 


Nothing  in  the  experience  of  educated  people  is  more 
common  than  inferences.  They  make  up  the  very  warp  and 
woof,  the  fabric  and  texture  of  the  intellectual  life.  Every 
book,  magazine  and  newspaper  you  read  is  filled  with  in¬ 
ferences.  Every  conversation,  public  discussion,  debate, 
address,  sermon,  and  classroom  lecture  is  largely  consti¬ 
tuted  out  of  them.  And  practical  success  in  life  depends 
more  than  anything  else  on  the  ability  to  draw  the  right 
inference  at  the  right  time.  In  short,  examples  of  inference 
are  innumerable,  but  when  we  attempt,  as  we  must  in  logic, 
to  turn  attention  to  the  intensive  meaning  of  the  term  in¬ 


ference,  instead  of  toward  its  extensive  meaning,  there  is  no 
term  in  the  whole  science  of  logic  more  difficult  to  analyze 
or  more  baffling  to  define.  There  are,  however,  two  con¬ 
troversies  among  contemporary  logicians  which  afford 
fairly  good  pathways  into  the  nature  of  inference. 

1.  In  explaining  the  immediate  inferences  I  pointed  out 
that  many  logicians  hold  that  they  are  not  real  inferences. 
To  take  a  specific  example,  from  the  proposition :  No 

insane  people  are  normal,  ’  ’  may  be  inferred  by  obversion . 
‘  ‘  All  insane  people  are  abnormal.  ’  ’  Most  present-day  logi¬ 
cians  hold  that  this  is  not  a  genuine  inference,  because  it 
tells  us  no  more  about  insane  people  than  we  were  told  in 
the  original  proposition.  Inference,  they  say,  involves 
novelty,  movement  of  thought  from  what  we  know  to  what 
we  do  not  know.  Thus,  inference  is  held  to  be  a_  movement 
of  thought  from  old  facts  to  new  facts.  It  is  the_bridge 
c - - - — - - - IDT 
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which  the  mind  builds  across  the  chasm  which  separates  the 
realm  of  human  knowledge  from  the  realm  of  human  ig¬ 
norance.  “What  we  know,”  said  Laplace,  “is  little,  but 
what  we  do  not  know  is  immense,”  and  inference  is  the 
intellectual  process  by  which  we  add  to  the  little  we  know 
by  biting  off  bits  from  the  immensity  of  the  universe  which 
we  do  not  know.  But  the  so-called  processes  of  immediate 
inference  all  move  around  in  the  realm  of  what  we  already 
know.  At  best  they  are  simply  interpretations  of  what  is 
already  known.  “It  is  essential  to  inference  that  there 
shall  be  a  real  transition  from  one  fact  to  another — that 
the  conclusion  reached  shall  be  different  from  the  starting 
point”  (Creighton).  But  in  the  immediate  inferences  “the 
new  proposition  is  the  result  of  a  verbal  interpretation  of 
the  original  one,  and  restates  the  same  fact  in  a  different 
way”  (Creighton).  Hence  they  exhibit  no  real  movement 
to  a  new  fact,  but  only  clarify  and  bring  the  mind  to  a 
fuller  realization  of  the  meaning  and  bearings  of  the 
original  proposition.  It  should  be  pointed  out  that  calling 
the  immediate  inferences  interpretations,  instead  of  real  in¬ 
ferences,  does  not  get  us  anywhere  unless  the  distinction 
between  interpretation  and  inference  is  made  sharp  and 
precise.  For  at  least  one  eminent  logician  has  used  the  term 
interpretation  to  designate  the  very  highest  form  of  in¬ 
ference.1 

However,  when  we  fall  back  on  our  conception  of  the  in¬ 
ferential  whole  or  implicative  system  as  am  underlying 
functional  unit  behind  the  two  statements  involved  in  an 
immediate  inference,  and  of  which  each  is  an  aspect  or 
fragment,  we  have  to  insist  that  real  inference  is  exhibited 
in  the  immediate  inferences,  however  insignificant  it  may 
be.  For  it  is  by  means  of  this  underlying  system  that  we 


i  See  Josiah  Royce’s  article  entitled  “Mind,”  in  Hastings’  Ency¬ 
clopedia  of  Religion  and  Ethics,  from  wliich  the  quotations  below 
are  taken  by  permission  of  Charles  Scribner’s  Sons. 
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are  able  to  pass  from  the  original  proposition  to  its  obverse 
or  converse  or  contrapositive.  Hence,  in  this  controversy, 

I  agree  with  Rieber,  who  justly  condemns  definitions  of 
inference  which  say  that  the  conclusion  must  be  another, 
or  a  new,  or  a  different,  or  a  fresh  proposition,  without 
making  clear  what  is  meant  by  otherness,  newness,  differ¬ 
ence  or  freshness,  since  these  terms  are  full  of  ambiguity. 
He  seems  to  me  to  be  entirely  right  when  he  says : 

“The  immediate  inferences  have  been  so  denominated  because 
thought  seems  to  pass  from  one  judgment  to  another  without  the 
assistance  of  a  middle  term.  But  this  conventional  distinction 
between  mediate  and  immediate  inference  is  sadly  defective  in 
fundamental  insight.  A  common  ground  is  required  quite  as 
much  in  immediate  as  in  mediate  inference,  as  a  means  of  bridg¬ 
ing  the  gaps  between  the  two  judgments.  We  pass  from  one 
particular  judgment  to  another  particular  judgment  only  because 
both  are  embedded  in  a  universal.  All  thought  is  from  particular 
to  particular  via  the  universal;  and,  moreover,  the  certainty  and 
value  of  the  conclusion  in  any  form  of  reasoning — immediate  or 
mediate — depends  upon  the  grip  we  have  upon  the  universal.”  2 

It  is  this  universal  to  which  I  have  so  often  referred 
under  the  name  of  the  inferential  whole  or  implicative 
system.  Passing  from  one  aspect  or  phase  of  such  an 
underlying  system  to  another  phase  or  aspect,  by  means  of 
the  pervading  unity  which  orders  these  and  all  elements  of 
that  system,  is  what  is  meant  by  inferring. 

2.  Now  let  us  approach  the  nature  of  inference  from  the 
controversy  initiated  by  William  James’  famous  distinction 
between  knowledge  by  acquaintance  and  knowledge  by  de¬ 
scription.3  The  former  is  supposed  to  be  non-inferential 

2  Charles  S.  Rieber,  Footnotes  to  Formal  Logic,  p.  111. 

3  The  history  of  these  terms  is  obscure.  James  evidently  did  not 
coin  them,  because  they  are  found  in  the  form,  “knowledge  of  ac¬ 
quaintance,”  and  “knowledge  about,”  in  J.  Grote’s  Exploratia  Phi- 
losophica,  Pt.  I,  p.  60,  from  whence  they  were  taken  by  Joseph 
(Introduction  to  Logic,  p.  68).  Royce,  in  the  article  entitled  Mind, 
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and  the  latter  is  inferential.  “In  the  simplest  possible  case 
one  who  listens  to  music  has  ‘knowledge  of  acquaintance’ 
with  the  music ;  the  musician  who  listens  in  the  light  of  his 
professional  knowledge  has  not  only  ‘knowledge  by  ac¬ 
quaintance,’  but  also  ‘knowledge  about’ ;  he  recognizes  what 
changes  of  key  take  place  and  what  rules  of  harmony  are 
illustrated.  A  deaf  man  who  has  learned  about  the  nature 
of  music  through  other  people,  in  so  far  as  they  can  tell 
him  about  it,  but  who  has  never  heard  music,  has  no 
‘knowledge  by  acquaintance,’  but  is  limited  to  ‘knowledge 
about.’  Knowledge  of  acquaintance  is  also  sometimes 
called  ‘immediate  knowledge.’  ”  (Royce.) 

The  distinction,  which  goes  back  to  Aristotle,  between 
intuitive  and  demonstrative  knowledge  represents  another 
attempt  to  distinguish  a  kind  of  knowledge  which  is  non- 
inferential  from  inferential  knowledge.  Certain  basic  pos¬ 
tulates  or  axioms  are  held  to  be  self-evident  or  to  be  known 
intuitively  without  inference.  Then  other  conclusions  are 
drawn  from  these  postulates,  and  inference  is  defined  as 
this  process  of  drawing  conclusions  from  self-evident  or 
intuitive  principles.4 

There  are,  then,  according  to  many  modern  logicians, 
two  kinds  of  non-inferential  knowledge  wdiich  may  serve  as 
the  starting  point  for  inference.  In  this  way  logicians 
attempt  to  lift  themselves  by  their  own  bootstraps  by  set¬ 
ting  up  non-inferential  types  of  knowledge  to  use  for  the 


in  Hastings’  Encyclopedia  of  Religion  and  Ethics,  attributes  the 
terms  to  James.  But  the  distinction  itself  is  at  least  as  old  as 
Hobbes’  Leviathan.  He  there  said:  “There  are  of  knowledge  two 
kinds;  whereof  one  is  knowledge  of  fact,  and  the  other  knowledge  of 
the  consequence  of  one  affirmation  to  another.  The  former  is  nothing 
else  but  sense  and  memory,  and  is  absolute  knowledge.  .  .  .  The 
latter  is  called  science  and  is  conditional.”  Ch.  IX,  and  elsewhere. 
Bertrand  Russell  uses  the  expression  “knowledge  by  description”  for 
“knowledge  about.”  Problems  of  Philosophy,  Ch.  V. 

4  For  a  discussion  of  axioms  and  the  laws  of  thought,  see  Ch.  XXVII. 
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purpose  of  defining  inference.  For  however  valuable  the 
distinction  between  “knowledge  by  acquaintance”  and 
“knowledge  about”  may  be  for  psychological  purposes,  it 
is  likely  to  be  misleading  in  logic.  All  knowledge  is  infer¬ 
ential.  The  starting  point  for  inference  is  always  some 
fact  or  bit  of  knowledge,  but  this  is  itself  through  and 
through  inferential.  The  postulates  of  thought  are  them¬ 
selves  the  great  structural  connecting  links  in  the  whole 
system  of  knowledge.  We  reach  them  by  inference  and 
use  them  in  further  inferences.  All  thinking  is  inferential. 
The  proof  for  this  is  that  by  no  possible  means  can  the 
inferential  element  be  taken  out  of  knowledge  without 
knowledge  itself  being  thereby  destroyed.  As  Royce  rightly 
insists:  “In  the  actual  cognitive  process  of  the  individual 
human  being,  ‘knowledge  by  acquaintance ’  never  occurs 
quite  alone,  since,  when  we  know  something  perceptually 
or  by  acquaintance,  we  also  always  have  more  or  less 
‘mediate’  knowledge.  For  example,  one  who  listens  to 
music,  but  who  also  considers  the  person  of  the  artist,  the 
relation  of  the  music  to  the  programme,  the  name  of  the 
composer,  or  the  place  of  this  experience  in  his  own  life, 
has  in  his  knowledge  that  which  is  more  than  the  immediate 
hearing  of  the  music.”  And  that  something  more  is  the 
universal,  the  inferential  whole  or  implicative  system  which 
is  the  very  life  blood  of  knowledge  and  the  vital  essence  of 
inference. 

Immanuel  Kant  defined  inference  as  ‘  ‘  that  function  of 
thinking  by  which  one  judgment  is  derived  from  another. 
This  is  not  a  bad  definition  if  we  keep  in  mind  that  every 
known  fact  is  itself  a  judgment  grounded  in  other  judg¬ 
ments.  In  other  words,  every  known  fact  is  an  implicative 
system.  The  process  of  mind  or  the  movement  of  tlmughL. 
bv  which  we  pass  from  pop  element  to  another  byjmeans . 
‘ourlknowledge  of  theiTrelation  to  the  system  is  inference. 
Therefore,  the  most  important  element  In  inference  is  the" 
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pervading  universal  which,  controls  all  of  the  elements  of 
which  it  is  constituted.  “The  notion  of  inference  seems  to 
demand  on  the  one  hand  that  there  shall  be  difference  be¬ 
tween  the  concrete  fact  reasoned  from  and  the  concrete 
fact  reasoned  to;  and,  on  the  other  hand,  that  there  shall 
be — whether  dimly  or  clearly  seen— a  universal  which  con¬ 
nects  them.”  5 

This  definition  brings  out  very  well  the  two  essential 
elements  in  inference. 

The  meaning  of  inference,  then,  must  be  looked  for  in  a 
pervading  universal  or  order  system.  But  what  is  a  per¬ 
vading  universal  ?  What  is  an  order  system  ?  Given  a  col¬ 
lection  or  assemblage  of  individual  objects  of  any  kind 
whatsoever,  be  they  existential  such  as  an  army,  or  purely 
conceptual  such  as  the  whole  numbers  of  arithmetic,  it  is 
said  to  be  an  order  system  or  an  array,  if  a  thinker  is  able, 
from  a  knowledge  of  qualities  and  relations  of  some  of  the 
members  of  the  collection,  to  tell  something  about  the 
characters  of  some  or  all  the  other  members,  without  having 
to  examine  each  separately  and  individually.  Orderliness 
is  possessed  by  any  group  of  objects  of  which  a  knowledge 
of  some  enables  one  to  pass  to  a  knowledge  of  others  in  the 
group.  This  is  the  simplest  and  the  most  general  definition 
of  an  order  system  recognized  by  modem  logicians.  As 
Royce  puts  it:  “Order  belongs  to  sets  of  individuals, 
to  collections,  to  arrays  of  things,  persons,  deeds,  or 
events.”  When  a  person  is  sure  he  is  dealing  with  such 
an  order  system,  it  is  possible  for  him  to  select  and  to  con¬ 
centrate  his  attention  upon  a  relatively  small  portion  of  the 
facts  involved  in  the  system  in  question,  and  to  ignore  other 
portions;  since  he  can  use  the  information  he  has  about 
those  he  studies  as  a  basis  of  inference  as  to  the  nature  of 
some  or  all  of  the  others  in  the  system.  Consequently,  in- 


8  A.  Sidgwick,  The  Use  of  Words  in  Reasoning,  p.  305. 
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ference  is  impossible  apart  from  such  an  order  system.  In¬ 
deed,  the  maxim,  ‘  ‘  Order  is  Heaven ’s  first  law,  ’  ’  is  literally 
true.  The  whole  universe,  whether  viewed  as  a  physical  or 
space-time  world  or  as  a  conceptual  or  ideal  world,  must 
be  thought  of  as  swarming  with  a  great  variety  of  order 
systems,  and  as  forming  an  order  system  itself.  “Order  is 
known  to  us  through  inference ;  that  is,  the  orderly  is  that 
which  corresponds,  in  the  real  or  the  ideal  world,  to  what 
we  infer  when  we  systematically  draw  conclusions.  .  .  . 
If  order  is  only  one  aspect  of  the  spiritual  world,  it  is  an 
indispensable  aspect.  Without  it  life  would  be  a  chaos  and 
the  world  a  bad  dream.  Loyalty  would  have  no  cause  and 
human  conduct  no  meaning.”6 

It  is,  then,  order  systems  which  make  inference  possible. 
Inference  is  the  burrowing  of  the  human  mind  into  the 
heart  of  such  systems.  Take,  for  example,  the  following 
newspaper  account  of  how  a  defective  boy  thought  out  for 
himself,  independently  of  his  teacher,  who  had  always  re¬ 
garded  him  as  an  absolute  imbecile,  the  way  to  construct 
an  ordinary  footstool. 


When  eighteen  months  old,  spinal  meningitis  left  Vincent  deaf, 
dumb  and  blind.  At  Randall’s  Island  he  was  pronounced  an  im¬ 
becile,  and  as  such  was  sent  to  the  Port  J efferson  Home.  Vincent 
had  been  at  the  Home  about  one  year  when  Sister  Augustine  be¬ 
came  convinced  that  the  boy  was  not  an  imbecile.  Sister  Augustine 
taught  the  class  of  blind  children,  and  each  day  Vincent  sat  near 
her  desk  in  the  classroom.  One  day  he  was  playing  with  three 
sticks  of  wood,  and  getting  three  pins  from  the  teacher,  made  the 
homely  model  of  a  footstool.  Taking  Sister  Augustine  by  the 
hand,  he  led  her  to  his  room  in  the  Home  and  there  placed  his 
model  beside  the  stool  in  his  room.  This  little  action  convinced 
Sister  Augustine  that  the  boy  was  not  an  imbecile. 


6  Josiah  Royce,  in  the  article  entitled  “Order,”  in  Hastings’  Ency¬ 
clopedia  of  Religion  and  Ethics.  Quoted  by  permission  of  Charles 
Scribner’s  Sons. 
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And  well  she  might  be  convinced,  for  the  boy  had  demon¬ 
strated  his  ability  to  penetrate  into  an  actual  implicative 
system,  and  he  who  can  do  this  is  far  from  being  an  abso¬ 
lute  imbecile.  In  a  short  time  she  had  taught  him  to  read, 
to  write  and  to  talk,  and  each  of  these  activities  involved 
his  comprehending  still  other  order  systems. 

A  noted  logician  has  recently  predicted  that  this  new 
conception  of  the  nature  of  inference,  as  elaborated  in  the 
logical  writings  of  the  late  Bernard  Bosanquet,  is  destined 
to  revolutionize  the  science  of  logic.7  However  that  may 
be,  it  is  in  favor  of  the  theory  that  a  similar  conception  has 
been  reached  more  or  less  independently  by  some  of  the 
ablest  logicians  of  our  day,  among  whom  may  be  men¬ 
tioned  a  Russian — N.  Lossky,  a  German — W.  Windelband, 
an  Italian — B.  Croce,  an  Englishman — F.  H.  Bradley, 
and  two  Americans — Josiah  Royce  and  John  Dewey.  To 
be  sure,  there  are  important  differences  in  the  detailed 
working  out  of  the  conception  of  inference  of  each  of  these 
logicians,  and  the  latter,  in  particular,  is  quite  different 
from  the  others,  but  generally  speaking,  their  theory  is 
consistent  with  the  doctrine  of  the  implicative  system  here 
presented.8  Bosanquet  has  rightly  characterized  the  older 
theory  of  inference,  which  continues  to  dominate  the  logical 
writings  of  some  contemporary  logicians,  as  a  linear  theory. 
In  contrast,  the  new  theory  may  be  called  an  organic  the¬ 
ory.  According  to  the  linear  view,  knowledge  advances 

7  James  H.  Muirhead,  Mind,  Oct.,  1923.  See  my  Preface. 

8  For  references,  see  the  Bibliography  in  the  Appendix.  The  differ¬ 
ences  between  Dewey  and  the  idealistic  logicians  are  too  technical  to 
introduce  here.  The  essential  point  is  that  Dewey  confuses  the  ■ 
strictly  logical  process  of  scientifically  analyzing  actual  implicative  1 
systems  with  the  temporal  and  practical  process  of  intelligently 
meeting  a  given  situation.  Although  I  have  elsewhere  (Journal  of 
Philosophy,  April,  1917)  criticized  Dewey’s  theory  of  practical  judg¬ 
ments,  I  think  that  he  has  rendered  a  great  service  to  logical  science 
by  his  insistence  upon  the  inferential  character  of  all  knowledge  and 
by  his  steadfast  refusal  to  adopt  a  dualistio  position. 
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“precept  upon  precept,  line  upon  line,  here  a  little,  there  a 
little,  ’  ’  like  a  long  pavement  which  is  extended  indefinitely 
by  placing  one  brick  or  stone  next  to  another.  For  on  this 
theory  an  inference  is  not  a  living  unity,  in  which  the 
various  elements  interpenetrate  and  reciprocally  modify 
one  another,  but  a  dead  connection  of  static  blocks  which 
man’s  mind  has  abstracted  from  the  stream  of  experience 
and  crystallized.  According  to  the  organic  theory,  the 
whole  of  human  knowledge  is  a  living  organism,  and  each 
system  within  it  is  comparable  to  a  living  cell.  Growth  in 
knowledge  consists  in  a  further  penetration  of  man ’s  mind 
into  the  actual  order  systems  of  nature,  and  continues  until 
the  human  inferential  whole  is  worked  into  an  identity 
with  this  actual  order  system.  Hence,  all  knowledge  is 
inferential  in  this  sense,  and  the  implicative  system  is  the 
functional  unit  of  logical  science. 

The  Relation  of  Inference  to  the  Syllogism 

The  syllogism  is  Aristotle’s  greatest  contribution  to  logic. 
It  is  his  technical  formulation  of  the  procedure  which  he 
thinks  is  always  followed  in  demonstrative,  as  distinct  from 
intuitive,  reasoning.  For  him,  then,  all  inference,  when 
' logically  f ormuiatect/sKould  take  the  form  of  thesifllogism. 
We  shall  make  a  detailed  analysis  of  syllogistic  reasoning 
in  the  next  two  chapters.  All  that  it  is  necessary  to  do 
here  is  to  explain  briefly  what  a  syllogism  is  in  order  to 
deal  with  the  question  as  to  whether  all  inference  must 
take  this  form. 

(A  syllogism  is  a  set  of  three  propositions,  two  of  which 
are  called  premises  because  they  contain  a  common  term, 
and  the  third  the  conclusion  which  constructs  a  new  propo¬ 
sition  out  of  the  two  terms  not  common  to  the  premises. 
The  reason  the  third  proposition  is  called  the  conclusion,  is 
that  it  is  supposed  to  be  obtained  by  means  of  the  compari¬ 
son  made  in  the  premises  between  the  two  terms  of  the 
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conclusion  and  the  common  term,  which  is  always  called 
the  middle  term.  The  real  unifying  principle  in  the  syl¬ 
logism  is  the  middle  term,  since  the  terms  put  together  to 
form  the  conclusion  can  only  be  so  combined  because  each 
has  already  been  related  to  the  common  term  in  the 
premises.  The  following  is  an  example  of  a  syllogism: 

All  men  are  mortal. 

Enoch  is  a  man 

Enoch  is  mortal. 

Here  the  predicate,  mortality,  is  affirmed  of  Enoch  be¬ 
cause  it  has  already  been  asserted  of  all  men,  and  Enoch 
has  been  qualified  by  the  predicate  man.  Enoch  and  mor¬ 
tality  are  two  aspects  of  the  inferential  whole  here  called 
man.  And  we  only  know  Enoch  to  be  mortal  on  the  ground 
that  both  Enoch  and  mortality  are  essential  elements  in  the 
order  system  called  man.  In  this  sense,  then,  the  syllogism 
does  represent  the  actual  procedure  involved  in  inference. 
It  was  probably  for  this  reason  that  Hegel  said  that  all 
things  are  syllogisms.  What  he  meant  was  that  all  things 
are  implicative  or  inferential  systems,  and  that  we  can 
pass  from  one  to  another  part  of  an  order  system  only  by 
following  out  the  actual  relations  in  the  system.  Only  to 
this  extent  can  we  agree  with  the  theory  that  all  inference 
is  syllogistic.  The  syllogism  can  be  interpreted  in  terms  of 
the  principle  of  the  implicative  system.  As  Bosanquet  has 
rightly  said : 

The  syllogism  at  its  best  is  not  a  mere  marshaling  of  trains  of 
predicates,  which  remain  apart  and  unmodified.  The  syllogistic 
process,  properly  understood,  and  taken  in  instances  which 
reveal  its  full  import,  is  an  operation  in  which  the  terms  come 
together,  modify  one  another,  and  construct  a  systematic  whole, 
within  which  the  conclusion  is  obvious  and  explains  itself.  If  you 
say,  “Oxygenated  blood  is  bright;  the  blood  in  the  arteries  is  oxy¬ 
genated  blood,  therefore  the  blood  in  the  arteries  is  bright,”  you 
have  brought  together  your  terms  in  the  conception  of  the  cir¬ 
culation  of  the  blood,  and  your  conclusion  shows  a  system  in  which 
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the  terms  are  factors,  their  union  is  rationally  explained,  and  their 
meaning  developed.  Such  a  term  as  bright  acquires  a  new  mean¬ 
ing  in  the  construction.9 

In  other  words,  the  real  implicative  system  behind  the 
middle  term  oxygenated  blood  is  the  circulatory  system  of 
the  human  body,  so  that  this  is  an  excellent  illustration  of 
the  way  in  which  syllogistic  inference  depends  upon  an  or¬ 
dered  system  of  facts. 

Yet  it  does  not  follow  that  all  thinking  should  he  thrown 
into  syllogistic  form.  The  attempt  to  do  this  is  what 
vitiated  scholastic  logic  in  the  Middle  Ages.  So  much  effort 
was  wasted  in  reducing  thought  to  syllogistic  form  that 
thinking  itself  became  sterile.  It  had  to  he  rejuvenated  by 
the  great  scientists,  such  as  Galileo  and  William  Gilbert. 
Surely,  even  a  formal  logician  must  admit  that  the  im¬ 
portant  thing  is  that  men  should  go  forward  with  their 
thinking  into  the  actual  concrete  order  systems  of  the 
world.  The  demand  that  each  step  in  the  advance  of  a 
scientific  investigation  he  given  a  technical  syllogistic  for¬ 
mulation  is  absurd.  But  although  this  is  true,  the  student 
of  logic  will  find  that  a  full  comprehension  of  syllogistic 
logic  aids  one  in  reaching  an  insight  into  the  real  meaning 
of  inference,  and  an  understanding  of  the  place  in  infer¬ 
ence  of  the  universal  or  underlying  system  which  comes 
to  expression  as  the  middle  term  of  the  syllogism.  Such  a 
study  will  also  pave  the  way  for  a  consideration  of  other 
forms  of  inference. 

In  the  syllogism,  the  logician  has  an  ideal  and  abstract 
order  system  which  is  very  remote  from  the  concrete  world 
of  the  physical,  biological  and  social  sciences,  and  more 
like  the  conceptual  world  of  mathematics.  Phis  may  be 
expressed  by  saying  that  in  the  system  which  a  syllogism 

9  Bernard  Bosanquet,  Implication  and  Linear  Inference  (Mac¬ 
millan),  p.  27.  A  single  clause  lias  been  omitted  to  simplify  tlie 
passage. 
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embodies,  the  premises  may  be  actually  false,  and  yet  the 
conclusion  may  follow  logically  from  them.  In  this  case 
the  conclusion  is  said  to  be  materially  false  but  formally 
true.  Some  logicians  hold  that  logic  is  primarily  con¬ 
cerned  with  this  internal  relation  of  consistency  between 
propositions  forming  a  purely  conceptual  system.  This  is 
the  real  meaning  of  the  expression  formal  logic ,  and  syl¬ 
logistic  logic  is  undoubtedly  susceptible  of  this  interpre¬ 
tation.  There  is  a  great  advantage  and  an  equally  great 
defect  in  restricting  oneself  to  a  purely  formal  treatment 
of  syllogistic  logic.  The  advantage  is  that  it  enables  the 
logician  to  escape  the  necessity  of  testing  the  validity  of 
his  science  by  an  appeal  to  concrete  facts.  The  defect  is 
that  it  inevitably  leads  to  a  vicious  and  unwarranted 
separation  of  the  logical  laws  and  relation  from  the  world 
of  concrete  reality.  It  is  largely  because  of  this  chasm 
between  the  entities  dealt  with  in  logic  and  those  met 
with  in  more  concrete  bodies  of  knowledge  that  students 
find  syllogistic  logic  dry  and  uninteresting.  When  dealing 
with  the  syllogism  it  is  not  possible  wholly  to  avoid  making 
the  separation.  But  if  students  could  only  see  that  under¬ 
neath  the  abstract  logical  relations  dealt  with  in  the  doc¬ 
trine  of  the  syllogism  is  the  infinitely  rich  and  intricate 
world  of  human  experience,  and  that  the  great  logicians 
have  simply  been  trying  to  comprehend  the  logical  order 
underlying  this  factual  world,  much  of  the  reproach  from 
which  syllogistic  logic  suffers  might  be  removed.  In  any 
case,  the  syllogism  is  only  one  form  of  inference,  and  when 
we  take  up  in  Part  II  the  various  inductive  processes,  we 
shall  be  considering  forms  which  bring  us  closer  to  the 
order  systems  dealt  with  in  the  sciences.  However,  it  will 
be  necessary  to  return  again  to  this  question  of  the  relation 
of  inference  to  the  syllogism,  when  we  take  up  the  basic 
principle  of  the  syllogistic  type  of  inference  at  the  end  of 
Chapter  XI. 


CHAPTER  IX 


THE  STRUCTURE  AND  RULES  OF  THE  SYLLOGISM 

The  Logical  Form  of  the  Syllogism 

We  have  already  explained  that  putting  a  proposition 
into  logical  form  involves  a  clear  indication  of  both  its 
quantity  and  quality,  as  well  as  having  the  subject  and 
predicate  terms  properly  set  apart  from  each  other  by 
some  form  of  the  verb  to  Se^whichAs^^mowm^^the^co^ula^ 
Now  the  first  step  in  putting  an  argument  or  an  explicit 
inference  into  logical  or  syllogistic  form  is  to  reduce  it  to 
three  constituent  propositions,  or  sets  of  three,  expressing 
each  in  correct  logical  form.  We  have  the  elements  of  a 
syllogism  when  we  get  three  propositions  which  contain 
just  three  terms.  Hence  each  term  appears  twice  in  the 
syllogism. 

The  next  step  is  to  arrange  the  propositions  in  the  right 
order.  This  is  best  done  by  starting  with  the  conclusion. 
It  is  usually  sufficiently  obvious,  owing  to  the  use  of  such 
expressions  as  therefore,  which  shows  that  the  proposition 
following  is  to  be  taken  as  the  conclusion,  and  for,  since 
or  because,  which  indicate  that  the  conclusion  precedes  the 
proof.  Once  the  conclusion  has  been  discovered,  its  predi¬ 
cate  is  taken  as  the  major  term,  and  the  proposition  con¬ 
taining  it,  either  as  subject  or  predicate  is  called  the  major 
premise.  When  the  syllogism  is  written  in  correct  logical 
order  this  premise  stands  first.  The  other  term  in  the  major 
premise  is  called  the  middle  term.  The  subject  of  the  con¬ 
clusion  is  known  as  the  minor  term,  and  the  proposition 
which  contains  it,  along  with  the  middle  term,  is  called  the 
minor  premise.  It  should  be  written  between  the  major 
and  the  conclusion. 
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Take  the  following  argument  to  exemplify  tlie  process : 
“Revolutions  in  science  do  not  destroy  human  knowledge, 
because  they  extend  it,  and  what  extends  human  knowledge 
cannot  destroy  it.”  The  word  because  indicates  that  the 
proposition :  “Revolutions  in  science  do  not  destroy  human 
knowledge,  ’  ’  is  the  conclusion.  It  is  ambiguous  with  regard 
to  quantity,  and  the  copula  must  be  some  form  of  the  verb  to 
be.  So  we  begin  by  putting  the  conclusion  into  logical 
form,  thus:  “No  revolutions  in  science  are  things  which 
destroy  human  knowledge.”  Now  let  us  get  the  major 
premise.  It  is  the  premise  which  contains  “things  which 
destroy  human  knowledge”  as  one  of  its  terms,  and  is, 
therefore,  the  proposition  :  ‘  ‘  What  extends  human  knowl¬ 
edge  cannot  possibly  destroy  it.”  This  is  also  ambiguous 
with  regard  to  quantity,  and  must  be  put  into  the  following 
form:  “'Nothing  which  extends  human  knowledge  is  a 
thing  which  can  destroy  human  knowledge.”  We  next 
proceed  to  the  minor  premise.  It  is  the  remaining  propo¬ 
sition  :  ‘ 4  Revolutions  in  science  extend  human  knowledge,  ’  ’ 
and  it  is  obviously  intended  to  be  universal,  so  that  writing 
it  in  correct  logical  form  gives  us:  “All  revolutions  in 
science  are  things  which  extend  human  knowledge.”  Writ¬ 
ing  all  of  these  propositions  together  we  get  this  syllogism : 


Major  premise: 
Minor  premise: 
Conclusion: 

Mood 


Nothing  that  extends  human  knowledge  is  a 
thing  which  destroys  human  knowledge. 

All  revolutions  in  science  are  things  which  ex¬ 
tend  human  knowledge. 

No  revolutions  in  science  are  things  which  de¬ 
stroy  human  knowledge. 


We  are  now  prepared  to  understand  the  meaning  of 
mood.  It  is  a  principle  by  which  different  varieties  of 
syllogisms  are  distinguished.  The  principle  is  that  of  the 
quantity  and  quality  of  the  propositions  making  up  the 
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syllogism.  There  are  as  many  different  moods  as  there  are 
possible  combinations  of  A,  E,  I,  and  0  propositions.  The 
student  will  find,  by  working  it  out,  that  there  are  sixty- 
four  different  moods.  Many  of  these  are  not  valid,  that  is 
to  say,  they  violate  one  or  more  of  the  rules  of  the  syllo¬ 
gism.  Yet  we  must  consider  that  there  are  sixty-four  dif¬ 
ferent  kinds  of  syllogisms  when  we  distinguish  them  by  the 
principle  of  mood.  Later  we  shall  have  to  determine  which 
ones  of  the  sixty -four  possible  moods  are  valid. 

All  that  is  necessary  to  remember  here  is  that  one  way  of 
classifying  syllogisms  is  according  to  mood,  and  that  mood 
is  determined  by  the  quantity  and  quality  of  the  propo¬ 
sitions  making  up  the  syllogism.  Thus  the  mood  of  the 
example  given  above  is  EAE.  Now  when  an  argument  is 
put  in  correct  syllogistic  form  the  proper  vowel  should 
always  be  placed  before  each  proposition.  When  this  is 
done  the  student  will  avoid  making  mistakes  based  on  a 
misconception  of  the  quantity  and  quality  of  the  propo¬ 
sition.  No  one  can  understand  a  syllogistic  argument  until 
he  is  sure  of  the  mood.  This  is  a  comparatively  easy,  but 
an  indispensable  step  in  the  comprehension  of  any  par¬ 
ticular  piece  of  syllogistic  reasoning.  That  is  why  it  is 
always  necessary  to  have  each  proposition  in  the  syllogism 
in  correct  logical  form. 

Figure 

There  is  another  principle  by  which  different  kinds  of 
syllogisms  are  distinguished,  and  that  is  the  position  of 
the  middle  term  in  the  premises.  This  is  what  is  meant  by 
figure.  There  are  as  many  different  figures  as  there  are 
possible  positions  of  the  middle  term,  namely,  four.  When 
the  middle  term  is  the  subject  of  the  major  premise  and  the 
predicate  of  the  minor,  the  figure  is  said  to  be  the  first  or 
perfect  one,  because  this  is  the  most  natural  way  to  express 
an  argument,  and  because  this  figure  yields  a  valid  con- 
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elusion  in  any  of  tlie  four  propositions,  A,  E,  I  and  0.  No 
other  figure  will  yield  a  valid  conclusion  in  either  of  the 
four.  When  the  middle  term  is  the  predicate  of  both 
premises  the  figure  is  said  to  be  the  second.  This  figure 
yields  only  negative  conclusions :  E  and  0.  When  the 
middle  term  is  the  subject  of  both  premises  the  figure  is 
said  to  be  the  third.  This  figure  yields  particular  conclu¬ 
sions  :  I  and  0.  These  were  the  only  figures  recognized 
by  Aristotle.  After  his  time  the  fourth  possible  position 
of  the  middle  term,  namely,  as  predicate  of  the  major  and 
subject  of  the  minor  premise,  was  used  to  define  the  fourth 
figure.  This  yields  conclusions  in  E,  I  and  0,  but  not  in  A. 
The  results  of  this  paragraph  may  be  symbolized  as  follows : 


Figure  I 

All  ill  is  P 
All  S  is  M 
All  8  is  P 

Figure  III 

All  M  is  P 
All  M  is  S 
Some  S  is  P 


Figure  II 

All  P  is  M 
No  S  is  M 
No  8  is  P 

Figure  IV 

All  P  is  M 
No  M  is  S 
No  S  is  P 


Thus  we  find  in  the  doctrine  of  the  syllogism  an  analo¬ 
gous  classification  to  that  found  in  the  doctrine  of  propo¬ 
sitions.  Whereas  propositions  are  classified  by  the  two 
principles  of  quantity  and  quality,  syllogisms  are  classified 
according  to  the  two  principles  of  mood  and  figure. 

The  Rules  of  the  Syllogism 

Eight  rules  are  usually  given  as  governing  syllogisms, 
but  the  first  two  are  not  so  much  rules  as  statements  of  the 
number  of  propositions  and  terms  needed  to  constitute  a 
syllogism,  and  the  last  two  are  really  corollaries  of  the 
third,  fourth,  fifth  and  sixth.  These  four  rules  are  the 
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essential  ones  in  determining  the  validity  of  a  syllogism. 
For  the  word  valid  is  used  to  designate  a  syllogism  which 
conforms  to  the  rules,  and  invalid  or  fallacious  are  expres¬ 
sions  used  to  designate  a  syllogism  which  does  not  conform 
to  the  rules. 

1.  Every  syllogism  must  and  can  have  only  three  propo¬ 
sitions.  This  rule  needs  no  explanation,  nor  is  the  student 
likely  to  commit  the  fallacy  of  having  more  than  three 
propositions  when  he  has  once  understood  the  structure  of 
the  syllogism. 

2.  The  sum  of  the  different  terms  in  the  three  propo¬ 
sitions  must  he  three ;  or,  of  the  six  terms  necessary,  each 
must  appear  twice.  The  fallacy  here  is  that  of  having 
more  than  three  terms,  but  since  it  is  usually  found  as  a 
middle  term  which  is  used  in  two  different  senses,  one  in 
the  major  and  one  in  the  minor,  it  is  sometimes  spoken  of 
as  the  fallacy  of  ambiguous  middle.  Strictly  speaking,  the 
fallacy  of  ambiguous  middle  is  a  special  form  of  the  fallacy 
of  four  terms. 

We  dealt  with  ambiguity  in  the  discussion  of  naming.  It 
is  really  a  fallacy  which  belongs  to  terms  rather  than  to 
the  syllogism.  But  the  presence  of  ambiguous  terms  in  an 
argument  does  vitiate  and  impair  its  validity,  so  that  in 
this  sense  it  is  also  a  syllogistic  fallacy.  The  following 
illustration  is  so  obvious  that  no  one  would  be  likely  to 
make  it:  “All  good  sidewalks  are  concrete,  this  illustra¬ 
tion  is  concrete,  therefore  this  illustration  is  a  good  side¬ 
walk.”  But  the  fallacy  is  very  frequent  in  arguments  in 
which  abstract  terms  are  used  without  the  one  who  uses 
them  laying  down  and  sticking  to  a  precise  meaning.  That 
is  why  many  trivial  philosophical  discussions  appear  to  the 
initiated  to  be  mere  verbiage,  but  to  the  uninitiated  to  he 
the  very  substance  of  profundity.  No  really  profound 
thinker  ever  juggles  his  terms.  To  stick  to  the  same  mean¬ 
ing  throughout  is  the  essence  of  logical  thinking. 
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3.  The  middle  term  must  he  distributed  in  at  least  one 
of  the  premises.  The  fallacy  here  is  known  as  undistrib¬ 
uted  middle.  Many  amusing1  examples  are  given  :  ‘  ‘  All 

monkeys  are  animals,  and  all  men  are  animals,  therefore  all 
men  are  monkeys.”  “All  clowns  are  men,  the  class  presi¬ 
dent  is  a  man,  therefore  he  is  a  clown.”  These  two  ex¬ 
amples  are  in  the  second  figure,  where  the  fallacy  always 
appears  when  both  premises  are  affirmative. 

The  reason  why  the  middle  term  has  to  be  distributed  is 
that  otherwise  S  may  be  compared  to  one  part  of  M  and  P 
to  an  entirely  different  part  of  M  in  the  premises,  so  that 
there  is  no  real  universal  to  use  as  the  connecting  link 
between  S  and  P.  Such  a  case  is  really  equivalent  to  four 
terms.  Figure  VI  will  make  this  clearer.  Or  we  might 


Some  M  is  P 
Some  S  is  M 
Some  S  is  P 


have  all  of  S  and  all  of  P  in  M  without  8  and  P  being  re¬ 
lated  to  each  other,  as  shown  in  Figure  VII.  Likewise  one 
might  be  entirely  within  M  and  the  other  only  partly  with¬ 
in  M,  without  their  being  related  to  each  other.  But  as 


M 


All  P  is  M 
All  S  is  M 
All  S  is  P 


Figure  VII 

soon  as  the  middle  term  is  distributed,  the  fallacy  disap¬ 
pears.  For  instance,  when  we  say :  No  P  is  M,  and  some 
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8  is  M,  we  can  infer  that  some  8  is  not  P.  That  part  of  S 
which  is  M  cannot  be  P,  when  none  of  P  falls  within  M. 

4.  No  term  can  t>e  distributed  in  the  conclusion,  which 
is  undistributed  in  its  premise.  There  are  two  fallacies  in¬ 
volved  in  the  violation  of  this  rule,  since  either  8  or  P  may 
be  distributed  in  the  conclusion  when  undistributed  in  the 
premise.  They  are  known  as  illicit  major  and  illicit  minor, 
according  to  which  term  is  involved.  Now  it  must  be  espe¬ 
cially  emphasized  that  passing  from  a  distributed  to  an 
undistributed  use  of  a  term  is  not  a  fallacy.  For  what  has 
been  said  concerning  all  in  the  premise,  one  is  justified  in 
saying  about  some  in  the  conclusion.  But  when  one  has 
only  been  passing  judgment  about  some  in  the  premise  he 
has  no  logical  right  to  extend  his  conclusion  to  all.  This 
was  made  clear  in  explaining  conversion. 

The  following  is  a  fairly  common  form  of  the  fallacy  of 
illicit  major,  it  being  in  the  first  figure  with  the  minor 
premise  negative: 

All  beverages  containing  more  than  five  per  cent  of 
alcohol  are  intoxicating. 

No  beer  contains  more  than  five  per  cent  of  alcohol. 

No  beer  is  intoxicating. 

The  major  term  is  intoxicating,  and,  being  the  predicate 
of  an  affirmative  proposition,  it  is  undistributed  in  the 
major  premise,  but,  being  the  predicate  of  a  negative  propo¬ 
sition,  it  is  distributed  in  the  conclusion. 

Now  consider  this  illustration  of  the  fallacy  of  illicit 

mimor : 

All  airplanes  are  lightly  constructed. 

All  airplanes  are  speedy  vehicles. 

All  speedy  vehicles  are  lightly  constructed. 

Here  the  term  speedy  vehicles  is  undistributed  in  the 
minor  premise  because  it  is  the  predicate  of  an  affirmative 


126 


THE  PRINCIPLES  OF  REASONING 


proposition,  but  it  is  distributed  in  the  conclusion  because 
it  has  there  become  the  subject  of  a  universal  proposition. 

In  looking  for  the  three  fallacies — undistributed  middle, 
illicit  major  and  illicit  minor — the  student  will  find  it 
helpful  to  write  above  each  term  the  abbreviation  dis.  for 
distributed  and  undis.  for  undistributed.  Once  the  distribu¬ 
tion  of  each  term  in  each  of  its  two  locations  in  the  syllo¬ 
gism  is  carefully  determined,  the  question  of  the  validity 
of  the  syllogism  is  easily  answered.  The  student  should 
also  draw  circles  to  illustrate  the  fallacies  of  illicit  major 
and  illicit  minor,  as  was  done  above  for  undistributed 
middle.  This  will  make  the  meaning  of  these  fallacies 
clearer. 

5.  No  valid  conclusion  can  be  drawn  from  two  negative 
premises.  The  fallacy  here  is  called  the  fallacy  of  two 
negative  premises.  The  reason  for  this  rule  is  that  there  is 
really  no  universal  to  connect  8  and  P  together,  since,  if 
both  premises  are  negative,  both  S  and  P  are  denied  to  be¬ 
long  to  the  middle  term.  But  if  each  is  entirely  outside 
the  middle  term,  no  judgment  can  be  drawn  as  to  their 
relation  to  each  other,  even  though  they  happen  to  be  re¬ 
lated.  The  middle  term  in  this  case  is  a  system  which  ex¬ 
cludes  both  8  and  P  in  such  a  way  as  to  give  no  hint  as  to 
their  relations  to  each  other.  Take  this  example : 

No  cows  are  used  for  dairy  purposes  in  China. 

No  cows  are  used  for  meat  in  Norway. 

Nothing  used  for  meat  in  Norway  is  used  for  dairy  pur¬ 
poses  in  China. 

It  is  obvious  that  the  conclusion  is  meaningless.  The 
student  should  represent  this  fallacy  by  circles. 

6.  If  one  premise  is  negative  the  conclusion  must  be 
negative.  In  the  case  in  question,  of  the  two  terms  8  and 
P,  one  is  asserted  to  belong  to  the  middle  term,  and  one 
is  denied  to  belong  to  it.  This  being  true  the  only  con- 
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elusion  which  can  be  drawn  is  one  in  which  they  are  denied 
to  have  any  relation  to  each  other.  The  fallacy  here  is 
called  drawing  an  affrmative  conclusion  from  a  negative 
premise.  For  example : 

All  Indians  are  semibarbarians. 

No  white  people  are  Indians. 

All  white  people  are  semibarbarians. 

It  is  evident  here  that  the  conclusion  must  be:  “No  white 
people  are  semibarbarians.”  But  when  I  thus  eliminate 
the  fallacy  of  an  affirmative  conclusion  from  a  negative 
premise,  note  that  I  here  get  a  fallacy  of  illicit  major. 

7.  No  conclusion  can  be  drawn  from  two  particxdar 
premises. 

8.  If  one  premise  is  particxdar  the  conclxision  must  be 
particxdar. 

Since  a  violation  of  these  rules  always  gives  either  un¬ 
distributed  middle,  illicit  major  or  minor,  two  negative 
premises,  or  an  affirmative  conclusion  from  a  negative 
premise,  these  two  rules  are  said  to  be  corollaries  of  the 
third,  fourth,  fifth,  and  sixth  rules.  The  possible  combina¬ 
tions  of  premises  are : 

Rule  7 :  Rule  % 

I,  I,  0,  0  A,  I ,  E,  1,  A,  0,  E,  0 

I,  0,  1,  0  I,  A,  I,  E,  0,  A,  0,  E 

The  student  should  construct  a  syllogism  in  each  figure 
with  each  of  these  sets  of  premises,  and  determine  the  dis¬ 
tribution  and  the  fallacy  in  each  case.  For  the  tediousness 
of  the  task  full  compensation  will  be  received  in  a  surer 
grip  on  the  contents  of  this  whole  chapter.  I  know  of  no 
better  way  of  reaching  a  complete  understanding  of  the 
reason  for  and  a  complete  mastery  of  the  various  rules. 

We  can  best  summarize  these  rules  by  arranging  them 
in  a  classificatory  scheme : 
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I.  Rules  op  Structure 

1.  A  syllogism  must  contain  three,  and  only  three,  propo¬ 

sitions. 

2.  A  syllogism  must  contain  three,  and  only  three,  terms. 

Fallacy:  four  terms  (ambiguous  middle). 

II.  Rules  of  Quantity 

3.  The  middle  term  must  be  distributed  in  at  least  one 

premise.  Fallacy :  undistributed  middle. 

4.  No  term  can  be  distributed  in  the  conclusion  which  was 

undistributed  in  its  premise.  Fallacies:  (a)  illicit 
major;  (b)  illicit  minor. 

III.  Rules  op  Quality 

5.  A  valid  conclusion  cannot  be  drawn  from  two  negative 

premises.  Fallacy :  two  negative  premises. 

6.  If  one  premise  is  negative  the  conclusion  must  be  nega¬ 

tive,  and  vice  versa.  Fallacies:  (a)  an  affirmative 
conclusion  from  a  negative  premise;  (b)  two  affirma¬ 
tive  premises  with  a  negative  conclusion. 

IV.  Corollaries 

7.  No  conclusion  can  be  drawn  from  two  particular  prem¬ 

ises.  Fallacies:  (a)  undistributed  middle;  (6)  illicit 
major. 

8.  If  one  premise  is  particular  the  conclusion  must  be  par¬ 

ticular.  Fallacies:  (a)  undistributed  middle;  (b)  illicit 
major;  (c)  illicit  minor;  (d)  two  negative  premises. 

Exercise  VII 

Reduce  the  following  arguments  to  syllogistic  form.  Indicate 
mood  and  figure  of  each,  and  fallacies: 

1.  Since  equal  volumes  of  gases  contain  the  same  number  of  mole¬ 
cules  under  like  conditions  of  temperature  and  pressure,  oxygen  and 
hydrogen  both  being  gases,  a  liter  of  hydrogen  and  a  liter  of  oxygen 
will  contain  the  same  number  of  molecules  under  like  conditions  of 
temperature  and  pressure. 

2.  Advocates  of  the  single  tax  argue  as  follows:  “Since  land  is 
a  free  gift  of  God,  it  should  not  be  in  private  hands,  for  all  free 
gifts  of  God  are  things  which  should  not  be  in  private  hands.” 
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3.  In  his  address  entitled  “The  Laws  of  Freedom,”  Hon.  Woodrow 
Wilson  argued  as  follows:  “Men  who  live  under  autocratic  govern¬ 
ments  are  not  free,  because  the  autocrat  arranges  the  government  to 
suit  himself.  The  minute  he  arranges  it  to  suit  his  subjects  then  his 
subjects  are  free.” 

4.  Death  cannot  be  an  evil  because  it  is  universal,  and  science 
recognizes  that  what  every  one  must  suffer  cannot  be  called  an  evil. 

5.  Prohibition  is  beneficial  to  society  because  it  reduces  poverty, 
and  anything  which  can  reduce  the  amount  of  poverty  is  beneficial 
to  society. 

6.  Tuberculosis  is  certainly  caused  by  bacteria,  for  all  diseases  of 
animals  are  so  caused  and  tuberculosis  is  admitted  to  be  a  disease 


of  animals. 

7.  The  Sahara  is  uncultivated  because  it  is  a  desert,  and  everyone 
knows  that  it  is  useless  to  cultivate  a  desert. 

8.  The  revolutions  which  have  been  going  on  in  Germany  will  not 
disintegrate  the  German  people,  because  the  attack  of  foreign  foes 
offsets  the  processes  of  disintegration  by  processes  of  unification. 

9.  Whatever  conceptions  scientific  research  may  form  of  reality, 
there  will  always  be  room  for  religious  feeling.  Religion  will  never 
die  out;  it  satisfies  the  innermost  and  deepest  needs  of  the  human 
soul. 

10.  I  know  of  no  instance  in  history  in  which  a  ruling  race  has 
not  ultimately  been  ousted  or  absorbed  by  its  subjects.  Complete 
extermination  or  expropriation  is  the  only  successful  method  of 
conquest.  The  Anglo-Saxon  race  has  thus  established  itself  in  Great 
Britain  and  in  Australasia  ( Discovery ). 

11.  Nobody  could  maintain  that  the  Franco-Russian  Alliance 
aimed  at  attacking  anyone,  for  the  Alliance  endured  so  long  and  an 
alliance  which  goes  on  year  after  year,  cannot  by  the  nature  of 
things  be  meant  to  attack  anyone  (Discovery). 

12.  In  countries  where  wars,  massacres,  deportations  and  migra¬ 
tion  frequently  recur  scientific  exploration  is  impossible,  and  since 
this  has  been  the  condition  in  Macedonia  and  Thrace  for  nmny 
generations,  very  little  is  known  of  the  interior  of  that  region 
( Discovery )  • 

13  Greenland’s  coast-line  on  the  north  shows  an  upward  lift,  for 
there  are  terraces  of  sand  and  gravel  containing  marine  shells  of 
species  still  living  in  the  Arctic  Seas,  200  to  300  feet  above  the 
present  tide-level,  and  these  must  have  been  deposited  when  the 

sea  was  at  this  level  ( Discovery ).  .  , 

14.  Greenland’s  coast-line  on  the  west  is  slowly  sinking  into  the 

sea  for  iron  rings  for  ships’  cables  fastened  into  the  rocks  now 
show  only  at  low  tide,  whereas  they  must  have  been  originally  placed 
above  the  water  line  for  high  tide  (Discovery) .  _ 

15.  The  climate  of  Greenland  was  formerly  far  more  genial  than 
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it  is  to-day,  for  the  animals  and  plants  which  lived  there  in  former 
geological  periods  are  similar  to  those  found  now  in  warmer  climates, 
and  they  could  not  have  lived  in  Greenland  when  it  had  a  climate 
such  as  it  has  now  (Discovery) . 

16.  Goethe  was  a  man  of  poetic  genius,  and  he  was  also  a  man  with 
a  keen  interest  in  science,  therefore,  men  with  a  keen  interest  in 
science  are  men  of  poetic  genius. 

17.  Nothing  that  is  wholly  involuntary  is  curable  by  punishment, 
and  since  stupidity  is  wholly  involuntary  it  cannot  be  curable  by 
punishment. 

18.  When  Robinson  Crusoe  discovered  the  footprint  in  the  sand  he 
probably  argued  somewhat  as  follows:  “This  footprint  is  the  shape, 
size,  etc.,  of  a  human  foot,  and  since  every  mark  having  those  quali¬ 
ties  is  the  imprint  of  a  human  foot,  this  mark  must  be”  (Mellone). 

19.  Forces  in  nature  of  a  purely  mechanical  type  cannot  produce 
beings  capable  of  growth  and  reproduction  and  of  having  an  intelli¬ 
gent  purpose  in  their  lives,  hut  some  forces  in  nature  have  evidently 
produced  such  creatures,  hence  some  forces  in  nature  are  not  entirely 
mechanical  ( Mellone ) . 

20.  Since  the  right  should  be  enforced  by  law,  and  charity  is  right, 
it  should  be  enforced  by  law. 

Construct  a  syllogism  to  illustrate  each  of  the  syllogistic  fal¬ 
lacies,  namely,  ambiguous  middle,  undistributed  middle,  illicit 
major,  illicit  minor  and  two  negative  premises.  Indicate  the  mood 
and  figure  of  each  syllogism. 


CHAPTER  X 


THE  VALID  MOODS  OF  THE  SYLLOGISM 

The  Elimination  of  the  Sets  of  Premises  Which  Violate 
the  Eight  Rules  of  the  Syllogism 

We  learned  above  that  there  are  a  total  of  sixty-four 
different  moods,  but  that  many  of  these  are  not  valid.  Our 
main  problem  in  this  chapter  is  to  work  out  the  valid  moods 
for  each  of  the  four  figures.  But  before  taking  up  the 
special  rules  for  each  figure,  it  will  simplify  matters  if  we 
eliminate  all  of  the  moods  which  do  not  conform  to  the 
eight  rules.  For  we  can  do  this  without  regard  to  figure. 

Since  these  rules  can  be  applied  to  the  two  premises 
alone,  without  taking  the  conclusion  into  consideration,  in¬ 
stead  of  dealing  with  the  sixty -four  moods,  our  problem  will 
be  greatly  simplified  by  taking  just  the  sixteen  possible 
sets  of  premises  set  forth  in  Table  IV. 

Table  IV 


AA 

EA 

IA 

OA 

AE 

EE 

IE 

OE 

AI 

El 

II 

01 

AO 

EO 

10 

00 

Eliminating  from  this  table  all  of  the  combinations  which 
are  in  conflict  with  any  of  the  rules  of  the  syllogism,  we 
find  that  EE,  EO,  OE  and  00  all  violate  rule  five,  that 
no  conclusion  can  be  drawn  from  two  negative  premises. 
Likewise  II,  10,  01,  and  00  violate  rule  seven,  that  no  con¬ 
clusion  can  be  drawn  from  two  particular  premises.  Note 
that  00  violates  both  rules.  All  the  other  sets  of  premises  in 
Table  IV  conform  to  the  rules  of  the  syllogism  except  IE.  It 
violates  rule  four  in  that  it  always  gives  a  fallacy  of  illicit 
major.  For  no  matter  whether  the  major  term  stands  as 
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the  subject  or  as  the  predicate  it  is  sure  to  be  undistributed 
in  the  major’  premise,  since  both  the  subject  and  the  predi¬ 
cate  of  an  I  proposition  are  undistributed.  On  the  other 
hand,  the  fact  that  the  minor  premise  is  negative  will  make 
the  conclusion  negative,  according  to  rule  six,  and  the 
major  term,  being  its  predicate,  will  always  be  distributed 
to  conform  to  the  rule  that  negative  propositions  distribute 
their  predicates.  Hence  it  is  impossible  to  avoid  the  fallacy 
of  illicit  major  when  the  premises  are  IE.  The  student 
should  work  this  out  by  constructing  a  syllogism  in  each 
figure  in  the  mood  1EO,  which  is  what  IE  premises  would 
always  yield,  inasmuch  as  the  conclusion  would  have  to 
be  both  negative  and  particular  to  conform  to  rules  six  and 
eight.  We  are  now  left  with  eight  sets  of  premises  as 
exhibited  in  Table  V.  To  determine  the  list  of  valid  moods 
these  eight  must  now  be  tested  in  each  figure. 

Table  V 

AA  EA  IA  OA 

AE  —  —  _ 

AI  El  —  — 

AO  ■ —  —  — 

The  Special  Rules  of  the  Four  Figures 

The  special  rules  are  really  only  corollaries  of  the  eight 
rules,  or,  to  be  more  specific,  of  the  third,  fourth,  and  fifth 
rules  of  the  syllogism,  since  their  violation  yields  one  or 
the  other  of  the  four  fallacies  which  we  considered  in 
stating  those  rules.  Consequently  it  is  not  necessary  for 
the  student  who  has  mastered  the  general  rules  to  commit 
these  to  memory.  Indeed,  their  chief  value  is  in  making 
the  general  rules  clearer. 

1.  The  Rules  for  the  First  Figure 

M  is  P 
S  is  M 
S  is  P 
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(a)  The  minor  premise  must  he  affirmative,  otherwise 
either  illicit  major  or  two  negative  premises  will  result. 
We  can  best  test  tbis  rule  by  violating  it.  Thus: 

All  soldiers  are  paid  for  their  services. 

No  volunteer  firemen  are  soldiers. 

No  volunteer  firemen  are  paid  for  their  services. 

Here  the  major  term  is  undistributed  in  its  premise  and 
distributed  in  the  conclusion,  which  is  a  fallacy  of  illicit 
major.  The  only  way  it  could  be  avoided  would  be  to 
make  the  major  premise  negative,  since  the  major  term  is 
predicate  in  its  premise  in  Figure  I.  But  that  would 
give  a  fallacy  of  two  negative  premises.  By  making  the 
minor  premise  affirmative  we  avoid  both  of  these  fallacies. 

(b)  The  major  premise  must  he  universal  in  order  to 
avoid  the  fallacy  of  undistributed  middle.  Here  is  an  ex¬ 
ample  violating  this  rule: 

Some  marine  animals  are  edible. 

All  oysters  are  marine  animals. 

Some  oysters  are  edible. 

The  fact  that  the  previous  rule  makes  the  minor  premise 
affirmative,  leaves  the  middle  term  undistributed  in  that 
premise.  Now  since  the  middle  term  is  always  the  subject 
of  the  major  premise  in  this  figure,  an  undistributed  middle 
is  unavoidable  when  the  major  premise  is  particular. 

When  we  apply  these  two  rules  to  the  eight  sets  of 
premises,  we  find  that  only  four  yield  valid  conclusions  in 
Figure  I,  namely,  AAA,  EAE,  All,  and  ElO.  However, 
the  moods  AAI  and  EAO  would  also  be  valid,  since  sub¬ 
altern  propositions  are  always  true  when  the  universal 
under  which  they  are  subsumed  is  true.  AAI  is  said  to  be 
a  weakened  form  of  the  mood  AAA  and  EAO  a  weakened 
form  of  EAE  in  the  first  figure. 
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2.  The  Rules  for  the  Second  Figure 

P  is  M 
S  is  M 
S  is  P 

(a)  One  premise  must  be  negative  to  avoid  undistrib¬ 
uted  middle.  This  is  evident  from  the  fact  that  M  is  the 
predicate  in  both  premises  in  the  second  figure,  and  the 
rule  that  only  negative  premises  distribute  their  predicates. 

(b)  The  major  premise  must  be  universal  to  avoid 
illicit  major.  Now  the  previous  rule  necessitates  a  nega¬ 
tive  conclusion  and  the  major  term  being  its  predicate,  will 
b.e  distributed.  And  since  in  the  second  figure  the  major 
tjgrjn  is  the  subject  of  its  premise,  a  fallacy  of  illicit  major 
is  bound  to  result  unless  the  major  premise  is  made  uni¬ 
versal.  The  following  example  will  make  this  clear : 

Some  elephants  are  not  wild. 

All  tigers  are  wild. 

Some  tigers  are  not  elephants. 

Note  that  this  fallacy  of  illicit  major  disappears  when  I 
say: 


No  elephants  are  wild. 

All  tigers  are  wild. 

No  tigers  are  elephants, 

inasmuch  as  making  the  major  universal,  distributes  the 
term  elephant. 

Applying  these  two  rules  to  the  eight  combinations  of 
premises,  we  find  that  only  four  yield  valid  conclusions  in 
Figure  II.  The  valid  moods  are  EAE  (and  its  weakened 
form  EAO),  AEE  (and  its  weakened  form  AEO ),  EIO , 
and  AOO.  Notice  that  two  of  these  moods  were  also  valid 
in  Figure  I. 
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3.  The  Rules  for  the  Third  Figure 

31  is  P 
31  is  8 
S  is  P 

(a)  The  minor  premise  must  he  affirmative  to  avoid 
illicit  major,  or  two  negative  premises.  Since  in  tlie  third 
figure,  the  major  term  stands  in  the  same  position  in  its 
premise  as  in  the  first,  the  proof  here  is  precisely  the  same 
as  that  given  there.  This  rule  can,  therefore,  be  general¬ 
ized  to  apply  to  both  figures :  Whenever  the  major  term 
is  the  predicate  of  its  premise,  the  minor  premise  must  be 
affirmative  to  avoid  the  fallacy  of  illicit  major  or  that  of 
two  negative  premises. 

(b)  The  conclusion  must  he  particidar  to  avoid  the 
fallacy  of  illicit  minor.  The  fact  that  the  minor  premise 
must  be  affirmative  necessitates  the  minor  term  being  un¬ 
distributed  in  its  premise,  where  it  is  always  predicate  in 
Figure  III.  Hence  the  conclusion  must  be  particular,  so 
that  the  minor  term  as  its  subject  may  remain  undistrib¬ 
uted.  Take  this  example : 

No  religious  magazines  are  profound. 

All  religious  magazines  are  devotional. 

No  devotional  literature  is  profound. 

Note  that  the  rule  holds  even  when  both  premises  are 
universal. 

Applying  these  rules  to  the  eight  sets  of  premises  we 
get  six  valid  moods  in  the  third  figure,  namely :  AAI,  IAI, 
All,  EAO,  OAO  and  EIO.  Note  that  only  EIO  is  valid 
in  the  first,  second  and  third  figures,  but  the  weakened 
form  EAO  is  also  valid  in  all  three.  It  is  not  ordinarily 
counted  as  a  valid  mood  in  the  first  and  second  figures,  but 
it  is  counted  here  because  the  universal  conclusion  cannot 
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here  be  obtained  from  the  premises  EA.  Likewise,  the 
mood  AAI  is  not  counted  as  a  valid  mood  in  the  first  figure, 
hut  it  is  in  the  third,  although  it  is  valid  in  both. 

4.  The  Buies  for  the  Fourth  Figure 

P  is  M 
M  is  S 
S  is  P 

(a)  If  either  premise  is  negative,  the  major  premise 
must  he  universal  in  order  to  avoid  illicit  major.  Violating 
this: 


Some  wild  flowers  are  beautiful. 

No  beautiful  things  are  perishable. 

Some  perishable  things  are  not  wild  flowers. 

Here  the  negative  premise  necessitates  a  negative  conclu¬ 
sion,  and  that  distributes  P  there.  Now,  since  P  is  the  sub¬ 
ject  of  its  premise  in  Figure  IV,  the  fallacy  of  illicit  major 
is  unavoidable  whenever  the  major  premise  is  particular 
and  the  conclusion  negative. 

(b)  If  the  minor  premise  is  affirmative,  the  conclusion 
must  be  particular  in  order  to  avoid  illicit  minor.  The 
same  argument  applies  here  which  was  used  in  proving  the 
second  rule  for  figure  three.  Hence  that  rule  can  be  gen¬ 
eralized  as  follows :  "Whenever  the  minor  term  is  the  predi¬ 
cate  of  an  affirmative  proposition  in  its  premise  the  con¬ 
clusion  must  be  particular. 

(c)  If  the  major  premise  is  affirmative,  the  minor 
must  be  universal  in  order  to  avoid  undistributed  middle. 
As  the  predicate  of  the  major  premise  in  Figure  IV,  the 
middle  term  will  always  be  undistributed  when  that  prem¬ 
ise  is  affirmative.  Hence  it  must  be  distributed  in  the 
minor,  and  since  it  is  there  the  subject,  that  premise  must 
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be  universal.  The  following  example,  violating  the  rule, 
will  make  this  clear : 

All  negroes  are  natives  of  Africa. 

Some  natives  of  Africa  are  Mohammedans. 

Some  Mohammedans  are  negroes. 

Again  applying  these  rules  to  the  eight  sets  of  premises, 
we  find  that  the  following  moods  are  valid  in  Figure  IV : 
AAI,  AEE,  1A1,  EAO  and  EIO.  The  weakened  form  AEO 
would  also  be  valid.  Note  that  EIO  and  the  weakened 
form  EAO  are  valid  in  all  four  figures. 

Taking  all  the  figures  into  consideration,  out  of  the 
sixty -four  possible  moods,  twenty-four  are  valid  when  the 
weakened  forms  are  counted,  and  nineteen  when  they  are 
not.  It  is  not  necessary  to  commit  the  valid  moods  to* 
memory,  since  an  application  of  the  general  rules  will 
show  whether,  and  in  what  figures,  an  argument  is  valid.1 

Eeduction 

It  was  mentioned  above  that  Aristotle  regarded  the  first 
figure  as  the  only  perfect  figure.  Hence  the  valid  moods  in 

i  The  scholastic  logician,  Petrus  Hispanus,  who  later  became  Pope 
John  XXI,  is  said  to  be  the  author  of  the  following  ingenious  set  of 
mnemonic  lines,  devised  to  reduce  the  problems  of  syllogistic  reason¬ 
ing  to  a  mechanical  process  of  memory : 

Barbara,  Celarent,  Darii,  Ferioque  prioris: 

Cesare,  Camestres,  Festino,  Baroko,  secundae; 

Tertia,  Darapti,  Disamis,  Datisi,  Felapton, 

Bokardo,  Ferison ,  habet;  Quarta  insuper  addit 
Bramantip,  Camenes,  Dimaris,  Fesapo,  Fresison. 

The  mood  names  are  italicized.  The  other  words  indicate  the  figure 
to  which  each  set  of  mood  names  belongs.  Logicians  sometimes  use 
these  mood  names  in  referring  to  the  various  moods.  I  or  example, 
when  they  speak  of  Barbara,  the  mood  AAA  in  Figure  I  is  meant. 

It  is  also  interesting  to  note  that  Stanley  Jevons  invented  a  logical 
machine  which  draws  correct  conclusions.  See  the  picture  in  his 
Principles  of  Science  (frontispiece,  2d  ed.  revised,  1877),  and  the 
description  (pp.  107/.). 
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the  other  figures  are  sometimes  called  imperfect  moods. 
But  arguments  can  be  changed  from  the  imperfect  moods 
of  the  last  three  figures  to  the  perfect  moods  of  the  first 
figure.  This  is  what  is  meant  by  reduction  in  syllogistic 
logic.  Now  there  are  two  kinds  of  reduction  or  two  essen¬ 
tially  different  ways  of  making  the  change  to  the  first  fig¬ 
ure.  One  is  known  as  direct  reduction.  It  is  effected  by 
converting  one  or  more  of  the  propositions  making  up  the 
syllogism,  but  sometimes  it  is  also  necessary  to  transpose 
the  premises.  The  other  kind  is  most  commonly  referred 
to  as  indirect  reduction,  but  also  as  reduction  per  impossi- 
bile  and  as  apagogical  reduction.  It  is  accomplished  by  use 
of  immediate  inference  by  opposition. 

To  exemplify  the  direct  process  of  reduction,  consider 
first  a  mood  which  involves  only  one  conversion.  Such  are 
the  moods  EAE  and  EIO  in  the  second  figure  and  A  AT, 
All,  EAO  and  EIO  in  the  third  figure.  An  example  of 
EAE  in  Figure  II  is : 

No  wild  men  are  educated. 

All  college  graduates  are  educated. 

No  college  graduates  are  wild  men, 

which  becomes  EAE  in  Figure  I,  by  the  simple  process  of 
converting  the  major  premise,  thus : 

No  educated  people  are  wild  men. 

All  college  graduates  are  educated. 

No  college  graduates  are  wild  men. 

A  more  difficult  mood  to  reduce  by  the  direct  process  is 
AEE  in  Figure  II.  Here  is  an  example  : 

All  salmon  are  fish  which  spawn  in  fresh  water. 

No  eels  are  fish  which  spawn  in  fresh  water. 

No  eels  are  salmon. 

To  reduce  this  it  is  necessary  to  transpose  the  premises  be¬ 
cause  the  major  would  convert  by  limitation  into  I,  and 
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this  would  give  the  invalid  mood  IEO  (illicit  major).  The 
minor  becomes  the  major  by  transposition  of  the  premises 
and  is  converted  by  simple  conversion.  But  transposition 
of  the  premises  also  makes  it  necessary  to  convert  the  con¬ 
clusion  so  that  the  major  term  will  be  in  the  predicate. 
Hence,  three  separate  processes  are  involved — transposition 
of  the  premises,  conversion  of  the  new  major  resulting 
from  this  transposition  and  conversion  of  the  conclusion. 
Thus  it  becomes : 

No  fish  which  spawn  in  fresh  water  are  eels. 

All  salmon  are  fish  which  spawn  in  fresh  water. 

No  salmon  are  eels. 

There  are  only  two  moods  which  reduce  by  the  indirect 
method,  namely :  AOO  in  Figure  II  and  OAO  in  Figure 
III,  the  reasons  being  that  0  cannot  be  converted  and  the 
conversion  of  A  by  limitation  would  give  two  particular 
premises.  Here  is  an  example  of  AOO : 

All  submarines  are  commerce  destroyers. 

Some  superdreadnaughts  are  not  commerce  destroyers. 

Some  superdreadnaughts  are  not  submarines. 

To  reduce  this,  we  construct  a  syllogism  in  the  mood  AAA 
of  Figure  I,  showing  that  falsity  of  the  conclusion  in  the 
mood  AOO  in  Figure  II  is  inconsistent  with  the  truth  of 
its  premises.  That  is,  we  assume  that  if  this  conclusion, 
“Some  superdreadnaughts  are  not  submarines,  is  false, 
its  contradictory,  “All  superdreadnaughts  are  subma¬ 
rines,’’  is  true  (by  immediate  inference  by  opposition). 
This  is  used  as  a  minor  to  the  original  major,  thus : 

All  submarines  are  commerce  destroyers. 

All  superdreadnaughts  are  submarines. 

All  superdreadnaughts  are  commerce  destroyers. 

Now,  this  conclusion  is  the  contradictory  of  the  original 
minor.  Granting,  then,  the  truth  of  our  original  premises, 
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the  conclusion  we  drew  from  them  is  true.  Hence,  the 
original  syllogism  is  shown  to  be  formally  valid.  What 
we  have  here  done  is  to  prove,  with  a  syllogism  in  Figure 
I,  that  the  mood  AOO  in  the  second  figure  is  formally 
valid. 

The  Basic  Principle  of  Syllogistic  Inference 

The  motive  behind  the  reduction  of  the  moods  of  the 
second,  third  and  fourth  figures  to  those  of  the  first  is  to 
make  it  possible  to  formulate  a  single  principle  of  syllo¬ 
gistic  inference.  And  since,  in  the  opinion  of  some  logi¬ 
cians,  syllogistic  inference  is  one  with  inference,  this  means 
making  it  possible  to  formulate  a  single  principle  of  all 
inference  whatsoever.  If  such  a  principle  could  be  reached, 
all  of  the  rules  of  the  syllogism  could  be  shown  to  follow 
from  this  basic  principle,  just  as  we  have  seen  that  all  of 
the  special  rules  for  the  separate  figures  are  corollaries  of 
the  four  most  central  general  rules.  This  would  satisfy 
the  modern  demand,  known  as  the  principle  of  economy, 
or  law  of  parsimony ,2  that  the  ultimate  principles  or  pri¬ 
mary  axioms  of  a  science  should  be  reduced  to  as  few  as 
possible,  and  which  is,  in  turn,  identical  with  the  famous 
declaration  of  the  great  schoolman,  William  of  Occam, 
known  as  Occam’s  razor,  that  rules  should  not  be  multiplied 
beyond  what  is  necessary. 

The  classic  formulation  of  a  single  principle  of  syllo¬ 
gistic  inference  is  Aristotle ’s  dictum  de  omne  et  nullo.  The 
form  usually  given  is  that  of  the  schoolmen :  Whatever  is 
predicated  affirmatively  or  negatively  of  a  whole  class  must 
he  predicated  affirmatively  or  negatively  of  everything  in 
that  class.  Some  logicians  hold  that  there  are  really  two 
principles  here:  (1)  the  dictum  de  omne — whatever  is  true 
of  all  is  true  of  each,  and  (2)  the  dictum  de  nullo — what- 

2  See  Introduction  to  Reflective  Thinking,  pp.  53,  340.  Compare 
also  R.  H.  Dotterer,  Beginners’  Logic,  pp.  154/.,  and  313. 
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ever  is  true  of  none  is  false  of  each.  Now,  in  the  first 
figure,  we  do  appear  to  proceed  on  this  principle  or  on  these 
two  principles.  For  when  we  argue  that  all  M  is  P,  and 
all  8  is  M,  and  therefore  that  all  S  is  P,  we  do  seem  to  use 
the  dictum  de  omne  as  the  underlying  principle  of  infer¬ 
ence.  And  when  we  argue  that  no  M  is  P,  and  all  8  is  M, 
and  therefore  that  no  8  is  P,  we  seem  to  use  the  dictum  de 
nullo  as  an  underlying  principle.  Now  these  two  argu¬ 
ments  are  the  moods  AAA  and  EAE  of  the  first  figure.  The 
dictum  de  omne  et  nullo  can  be  interpreted  as  the  basic 
principle  behind  the  rules  of  distribution,  and  these  are 
certainly  the  central  ones  among  the  general  rules  of  the 
syllogism,  as  well  as  the  foundation  for  the  special  rules 
for  the  separate  figures. 

It  has  been  argued  that  the  real  major  premise  in  every 
argument  is  this  basic  rule  or  principle.  It  is  supposed  to 
be  axiomatic  in  the  sense  of  self-evident,  and  syllogistic  in¬ 
ference  is  sometimes  said  to  be  from  this  rule  to  the  con¬ 
clusion.  This  caused  John  Stuart  Mill  to  launch  his 
famous  attack  on  syllogistic  reasoning.  He  claimed  that 
all  syllogisms  argue  in  a  circle,  or  beg  the  question  3  so 
that  the  conclusion  contains  no  new  knowledge.  If  we  must 
know  something  about  all  before  we  can  affirm  or  deny  that 
something,  whatever  it  is,  of  the  separate  members  of  that 
all,  we  really  do  not  advance  in  knowledge  when  we  draw 
the  conclusion.  For  our  knowledge  of  the  truth  of  the 
major  premise  carries  with  it  a  knowledge  of  the  truth  of 
the  conclusion.  Hence  Mill  argued  that  all  fruitful  reason¬ 
ing  is  inductive,  and  that  the  experimental  methods  of 
science  should  be  substituted  for  syllogistic  inference.  It 
is  interesting  to  note  that  Mill  here  states  the  same  criticism 
of  the  syllogism  which  Creighton  and  others  make  of  the 
immediate  inferences.  Both  hold  that  there  is  no  new 


3  See  the  account  of  this  fallacy  below,  p.  195. 
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knowledge  involved,  and,  consequently,  that  there  is  no 
genuine  inference. 

Mill’s  criticism  undoubtedly  indicates  a  real  weakness  in 
the  underlying  conception  of  inference  behind  the  dictum 
de  omne  et  nullo.  For  that  conception  is  the  linear  theory, 
which  was  dealt  with  in  our  discussion  of  the  nature  of  in¬ 
ference,  and  according  to  which  the  separate  terms  in  an 
argument  remain  unmodified  in  the  conclusion,  the  real 
justification  for  the  inference  being  placed  in  a  sweeping 
general  principle,  reached  by  intuition,  rather  than  in  a 
genuine  implicative  system  actually  present  in  the  facts. 
What  Mill  overlooked  was  that  the  real  nerve  of  inference 
is  not  in  a  major  premise,  stating  a  mere  collective  fact, 
hut  in  systematic  connection  within  an  order  system.  But 
he  was  certainly  right  in  attacking  the  linear  theory  of 
syllogistic  inference,  which  was  not  only  widely  current  in 
his  day,  but  is  still  in  considerable  vogue.  As  Bosanquet 
put  it : 


On  the  traditional  theory  of  the  syllogism,  and  according  to 
any  or  all  of  the  maxims  which  have  been  suggested  as  its  ground, 
its  terms  are  marks  or  properties  which  affect  each  other,  so  far 
as  the  technical  purpose  of  the  reasoning  is  concerned,  only  as 
indications  of  each  other’s  presence  or  absence.  .  .  .  The  rules 
forbid  you  to  regard  the  argument  as  the  construction  of  a  system 
in  which  by  their  combination  the  terms  throw  a  new  light  upon 
one  another.  .  .  .  Each  term  must  preserve  its  independent  being, 
as  if  inclosed  in  a  bracket.  ...  In  Thackeray’s  well-known  story 
of  the  Abbe  and  the  nobleman,  the  Abbe,  talking  among  friends 
has  just  said,  “Do  you  know,  ladies,  my  first  penitent  was  a 
murderer,”  and  a  nobleman  of  the  neighborhood,  entering  the 
room  at  the  moment,  exclaims,  “You  there,  Abbe?  Why,  ladies, 
I  was  the  Abbe’s  first  penitent,  and  I  promise  you  my  confession 
astonished  him.”  In  such  arguments,  which  are  of  the  type  that 
A,  which  has  x,  has  also  y,  you  get,  technically  recognized,  no 
bearing  of  the  import  of  one  term  upon  another  at  all.  They 
are,  so  to  speak,  in  capsules,  and  all  you  can  do  with  them  is  to 
note  which  lie  in  the  same  drawer,  and  which  refuse  to  do  so.  .  .  . 
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It  is  the  extremity  of  such  a  doctrine  to  suppose  that  the  principle 
of  the  syllogism  is  its  ultimate  premise,  and  that  a  train  of  reason¬ 
ing  derives  its  force  from  having  at  its  head  an  axiom  about  a 
class  or  rule.  When  this  extreme  irrationality  is  rejected,  and  it 
is  observed  that  the  necessity  of  every  syllogism  is  intrinsic  to 
its  form,  and  not  borrowed  from  a  rule  under  which  it  is  sub¬ 
sumed,  the  way  is  paved  for  reconsidering  its  whole  nature.4 

It  is  for  this  reason  that  the  traditional  theory  of  the 
syllogism,  based  as  it  is  upon  the  linear  theory  of  inference, 
must  give  way  to  the  modern  theory  of  systematic  connec¬ 
tion  within  an  order  system.  That  the  syllogism  can  be 
interpreted  hi  terms  of  the  implicative  system  has  already 
been  made  clear.  But  entirely  aside  from  that  issue, 
there  is  really  no  justification  for  the  covert  assumption  of 
many  of  the  advocates  of  the  syllogism  that  all  valid  infer¬ 
ence  must  be  expressible  in  syllogistic  form,  nor  for  the 
additional  assumption  that  all  syllogistic  inference  should 
take  the  form  of  the  first  figure.  It  is  a  false  idea  of 
economy  which,  for  the  sake  of  simplification,  blurs  dis¬ 
tinctions  that  are  really  vital.  There  are  interesting 
varieties  of  thought  which  cannot  be  reduced  to  the 
stereotyped  form  of  the  syllogism.  Modern  logicians  refer 
to  these  as  non-syllogistic  or  asyllogistic  types  of  inference. 
Nor  should  we  make  the  mistake  of  supposing  that  all  asyl¬ 
logistic  reasoning  must  be  inductive.  For  this  would  make 
it  necessary  to  treat  mathematical  reasoning  as  syllogistic, 
whereas  it  is  asyllogistic  but  deductive.  A  good  example 
is  a  proportional  argument  such  as  the  following:  “A  ton 
of  coal  costs  sixteen  dollars.  This  is  half  a  ton.  Therefore, 
this  cost  eight  dollars.”  Although  this  argument  is  per¬ 
fectly  valid,  it  cannot  be  put  into  syllogistic  form  without 
wrenching  the  reasoning  out  of  shape.  The  irregular  argu¬ 
ments,  dealt  with  at  the  end  of  the  next  chapter,  are  other 

4  Loco  citato,  pp.  25  f.  The  illustration  from  Thackeray  is  in  a 
note,  and  the  sentence  following  it  is  slightly  modified. 
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good  examples  of  asyllogistic  arguments  which  are  valid. 
And  still  other  examples  could  he  given  from  inductive  as 
well  as  from  mathematical  reasoning.  But  an  implicative 
system  is  always  operative  in  these  asyllogistic  types  of 
inference  just  as  in  the  syllogistic  type.  Hence  the  basic 
principle  of  inference  cannot  be  such  a  rule  as  the  dictum 
de  omne  et  nulla.  On  the  contrary,  it  is  the  concrete 
implicative  system  which  is  the  nerve  of  all  inference, 
syllogistic  and  asyllogistic  alike. 


Exercise  YIII 

1.  Prove  that  IEO  is  invalid  in  every  figure. 

2.  Prove  that  whenever  the  major  term  is  the  predicate  in  its 
premise  the  minor  premise  must  be  affirmative.  In  what  figures 
does  this  hold? 

3.  Prove  that  whenever  the  minor  term  is  the  predicate  of  an 
affirmative  premise,  the  conclusion  must  be  particular.  In  what 
figures  may  this  condition  exist? 

4.  In  the  following  examples  name  the  mood,  and  figure  and 
fallacies;  and  reduce  to  first  figure: 

(a)  All  cowards  are  cruel,  and  Charlie  is  cruel,  therefore  he  is  a 
coward  (E.  C.  Jones). 

(b)  Who  is  most  hungry  eats  most. 

Who  eats  least  is  most  hungry. 

Who  eats  least  eats  most  (E.  C.  Jones). 

(c)  All  present  are  members  of  the  University. 

All  present  are  members  of  the  Union. 

Therefore,  all  members  of  the  Union  are  members  of  the 
University  (E.  C.  Jones). 
id)  Some  things  that  glitter  are  not  gold. 

This  is  not  gold. 

Therefore,  this  is  not  a  thing  that  glitters  (E.  C.  Jones). 

(e)  All  wisdom  is  desirable. 

A  knowledge  of  slang  is  not  wisdom. 

A  knowledge  of  slang  is  not  desirable. 

(/)  Europeans  can  endure  that  climate  and  Americans  can  endure 
it,  therefore  Americans  are  Europeans. 

( g )  Some  white  men  have  become  presidents,  but  no  aliens  have 
become  presidents,  therefore,  no  aliens  are  white  men. 
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( h )  No  immoral  doctrines  should  be  tolerated,  and  since  this 
doctrine  is  not  immoral,  it  may  be  tolerated  (Bode). 

( i )  Many  books  are  injurious  to  the  reader. 

No  literature  that  is  injririous  to  the  reader  is  beneficial 
to  society. 

Some  literature  that  is  beneficial  to  society  is  not  books. 

( j)  No  houses  are  inexpensive,  and  all  houses  are  dwelling  places, 
therefore,  no  dwelling  places  are  inexpensive. 

(k)  Since  all  weapons  are  instruments  of  destruction  and  some 
instruments  of  destruction  are  knives,  it  follows  that  some 
knives  are  weapons. 

(l)  Some  educated  men  are  servants  of  the  people,  and  all  clergy¬ 
men  are  servants  of  the  people,  hence,  some  clergymen  are 
educated. 

(m)  All  electric  lights  are  constructed  of  carbon,  and  everything 
constructed  of  carbon  is  a  manufactured  object,  hence,  all 
manufactured  objects  are  electric  lights. 

5.  Construct  a  syllogism  in  the  second,  third,  and  fourth  figures 
and  reduce  each  to  the  first  figure.  Indicate  the  mood  before  and 
after  reduction,  and  explain  each  step  you  have  to  go  through  in 
making  the  reduction. 


CHAPTER  XI 


ENTHYMEMES,  SORITES  AND  IRREGULAR  ARGUMENTS 

Enthymemes 

An  enthymeme  is  a  syllogism  with  one  of  the  premises 
or  the  conclusion  suppressed.  When  the  major  is  sup¬ 
pressed  it  is  called  an  enthymeme  of  the  first  order,  when 
the  minor  is  suppressed  an  enthymeme  of  the  second  order, 
and  when  the  conclusion  is  suppressed  an  enthymeme  of  the 
third  order.  It  is  more  apt  to  he  the  major  or  minor  which 
is  suppressed,  but  sometimes  the  conclusion  is  left  unex¬ 
pressed  for  rhetorical  effect.  “No  man  is  free,  for  every 
man  is  a  slave  either  to  money  or  to  fortune.”  “You,  as 
you  are  old  and  reverend,  should  be  wise.”  “I  pray  you, 
father,  being  weak,  seem  so.”  These  are  examples  of 
enthymemes.  The  first,  put  into  a  complete  syllogism, 
[would  be: 

None  who  are  slaves  either  to  money  or  to  fortune  are  free. 

All  men  are  slaves  either  to  money  or  to  fortune. 

No  man  is  free.  Mood  EAE,  Figure  I.  First  order  enthymeme. 

The  other  two  are  also  enthymemes  of  the  first  order.  The 
student  should  formulate  the  major  premise  of  each.  The 
following  is  an  example  of  an  enthymeme  of  the  second 
order:  “The  Thirty  Years’  War  was  long  and  bitter,  for 
all  religious  wars  are  so.”  Expressing  this  in  the  form  of 
a  syllogism  gives  this: 

All  religious  wars  are  long  and  bitter. 

The  Thirty  Years’  War  was  a  religious  war. 

The  Thirty  Years’  War  was  long  and  bitter. 
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Another  example  of  a  second  order  enthy meme  is :  “  Why 
be  ashamed  of  a  mistake?  All  men  are  fallible.”  Mellone 
expresses  this  thus : 

What  all  men  are  liable  to  is  not  a  thing  to  be  ashamed  of. 

A  mistake  is  what  all  men  are  liable  to. 

Therefore,  no  mistakes  are  things  to  be  ashamed  of. 

And  the  following  quite  manifestly  exemplifies  the  third 
order:  “None  but  candid  men  are  good  reasoners,  and  few 
infidels  are  candid.” 

Many  of  the  arguments  we  meet  with  in  everyday  life 
are  based  on  principles  or  generalizations  which  are  covertly 
assumed,  and  rarely,  if  ever,  expressed  as  premises.  Only 
when  some  one  denies  our  premises,  and  thereby  refuses  to 
accept  our  argument,  are  we  made  conscious  that  it  was 
really  based  on  those  premises.  Suppose,  for  example,  that 
I  argue  that  the  United  States  should  cancel  the  allied  debts, 
because  the  fighting  of  the  allies  in  the  late  war  was  bene¬ 
ficial  to  the  United  States.  Then  my  suppressed  premise 
is  that  all  countries  which  benefit  from  the  waging  of  a 
war  should  pay  the  participants  for  such  benefits.  Or 
suppose  a  pacifist  argues  that  the  United  States  should 
abolish  her  navy,  because  having  a  navy  breeds  war.  His 
suppressed  premise  is  that  all  war  is  an  evil  which  no  na¬ 
tion  should  tolerate.  This  is  a  very  doubtful  principle 
which  men  can  easily  affirm  in  the  abstract,  but  which  few 
are  ready  to  affirm  in  the  face  of  an  overt  aggression  such 
as  the  sinking  of  the  Lxcsitania  and  its  consequent  destruc¬ 
tion  of  American  lives. 

Many  arguments,  which  sound  very  good,  are  really 
based  on  underlying  and  unexpressed  premises  that  few 
people  would  be  willing  to  accept  without  qualification. 
What  the  partisan  propagandist  most  hates,  is  having  his 
suppressed  premises  brought  before  the  bar  of  reason.  It 
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is  for  this  reason  that  the  use  of  the  enthymeme  type  of 
argument  is  one  of  the  favorite  artifices  of  the  propa¬ 
gandist. 

Chains  of  Reasoning 

Many  arguments  are  compound,  consisting  of  a  series  of 
syllogisms  in  which  the  conclusion  of  one  syllogism  becomes 
a  premise  for  the  next.  This  type  of  argument  is  usually 
called  a  chain  of  reasoning.  The  first  syllogism  in  such  a 
chain  is  called  a  prosyllogism  in  reference  to  the  syllogism 
which  follows,  and  this  is  an  episyllogism  in  relation  to  the 
first.  If  the  series  is  a  long  one  in  which  there  are  more 
than  two  syllogisms,  a  syllogism  in  the  middle  of  the 
series  could  be  both  a  prosyllogism  and  an  episyllogism — 
a  prosyllogism  in  relation  to  the  one  which  follows  it,  and 
an  episyllogism  in  relation  to  the  one  which  precedes  it. 
Now  a  chain  of  reasoning,  as  well  as  a  single  syllogism, 
may  take  the  form  of  an  enthymeme,  that  is,  some  of  its 
propositions  may  be  suppressed.  In  such  a  case  it  is  known 
as  an  epicheirema. 

In  passing  it  should  be  pointed  out  that  chains  of  reason¬ 
ing  are  highly  typical  examples  of  the  linear  theory  of  syl¬ 
logistic  inference,  in  that  the  terms  and  premises  appear 
strung  along  in  them  like  a  string  of  beads,  rather  than 
as  members  of  a  genuine  implicative  system  which  recipro¬ 
cally  modify  each  other.  However,  even  in  such  inferences, 
the  conclusion  would  not  be  valid  if  such  an  implicative 
system  were  not  operative. 

I  take  the  following  interesting  example  of  a  chain  of 
reasoning,  which  is  also  an  epicheirema,  from  Joseph’s 
Introduction  to  Logic  (2nd  ed.),  p.  353  : 

Those  who  have  no  occupation  have  nothing  to  interest  them¬ 
selves  in,  and  therefore  are  unhappy;  for  men  -with  nothing  in 
which  to  interest  themselves  are  always  unhappy,  since  happiness 
depends  on  the  success  with  which  we  advance  the  objects  in 
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which  we  are  interested ;  and  so  wealth  is  no  guarantee  of 
happiness. 

The  core  of  this  argument  can  be  expressed  in  this  syl¬ 
logism  : 

All  men  with  nothing  in  which  to  interest  themselves  are 
unhappy. 

All  of  those  who  have  no  occupation  are  men  with  nothing  in 
which  to  interest  themselves. 

Therefore,  all  of  those  who  have  no  occupation  are  unhappy. 

The  major  of  this  central  syllogism  is  established  by 
another  syllogism,  which  is  a  prosyllogism  to  the  one  just 
stated : 

All  happy  men  are  those  who  are  successful  in  advancing  the 
objects  in  which  they  are  interested. 

No  one  who  has  no  objects  in  which  to  interest  himself  is  one 
who  succeeds  in  advancing  objects  in  which  he  is  in¬ 
terested. 

Therefore,  no  men  with  nothing  in  which  to  interest  them¬ 
selves  are  happy. 

There  is  also  the  following  episyllogism  involved  in  this 
chain  of  reasoning : 

All  who  have  no  occupation  are  unhappy. 

Some  rich  men  are  persons  who  have  no  occupation. 

Some  rich  men  are  unhappy. 

Here  is  another  shorter  but  interesting  example  of  an  epi- 
cheirema : 

All  sin  is  dangerous. 

Covetousness  is  sin,  for  it  is  transgression  of  the  law. 
Covetousness  is  dangerous. 

Here  the  proposition,  “Covetousness  is  a  transgression  of 
the  law,”  is  a  premise  in  the  prosyllogism  which  confirms 
the  proposition:  “Covetousness  is  sin.” 
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The  example  of  an  enthymeme  given  above  could  also 
be  expressed  as  an  epicheirema,  thus : 

All  war  is  evil. 

All  navies  are  evil,  for  they  breed  war. 

Therefore,  all  navies  should  be  abolished. 

When  an  argument  advances  from  the  prosyllogism  to 
the  episyllogism,  or  in  a  forward  direction  the  chain  of 
reasoning  is  said  to  be  progressive  or  synthetic.  Such  an 
argument  builds  up  its  results  as  it  advances,  using  the 
conclusion  of  the  preceding  syllogism  for  a  premise  in  the 
next.  The  reverse  process  is  sometimes  found.  Starting 
with  the  conclusion,  we  go  back  to  establish  the  premises, 
thereby  exhibiting  the  foundation  upon  which  the  con¬ 
clusion  is  based.  This  kind  of  a  chain  of  reasoning  is  called 
regressive,  or  analytic. 

The  Sorites 

The  sorites  is  a  special  kind  of  chain  of  reasoning.  It 
consists  of  a  series  of  syllogisms  in  the  first  figure  in  which 
only  the  last  conclusion  is  expressed,  and  in  which  the 
intermediate  suppressed  conclusions  are  also  suppressed 
premises  of  the  syllogisms.  In  a  sorites  the  first  two  ex¬ 
pressed  premises  constitute  the  first  or  prosyllogism.  The 
unexpressed  conclusion  from  these  two  premises  is  taken 
either  as  the  major  or  the  minor  premise  of  the  next  syl¬ 
logism,  and  the  third  expressed  premise  is  its  other  premise. 
According  to  whether  the  conclusions  are  taken  as  major 
or  minor  premises  we  get  two  types  of  sorites.  The  type  in 
which  the  conclusion  is  a  minor  premise  is  known  as  the 
progressive  or  Aristotelian  sorites.  The  term  Aristotelian, 
however,  is  a  misnomer.  For,  as  Sir  William  Hamilton 
says,  “Aristotle,  though  certainly  not  ignorant  of  the 
process  of  reasoning  now  called  sorites,  does  not  enter 
upon  its  consideration.”  It  dates  from  the  middle  of  the 
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fifteenth  century.  The  type  in  which  the  suppressed  con¬ 
clusions  are  major  premises  is  known  as  the  regressive  or 
Gocleni-an  sorites,  after  its  discoverer,  the  German  logician, 
Rudolph  Goclenius  (1547-1628). 

In  breaking  up  a  sorites  into  syllogisms  it  will  always 
be  found  that  there  are  as  many  syllogisms  as  there  are  ex¬ 
pressed  premises,  less  one.  The  conclusions  must  not  be 
counted  but  only  the  premises.  Now  let  us  consider  some 
examples  of  each  type  of  sorites,  break  them  up  into 
syllogisms  and  deal  briefly  with  the  rules  which  govern 
each  type. 

The  Aristotelian  Sorites 

First,  let  us  represent  it  in  symbols. 

All  A  is  B 
All  B  is  C 
All  C  is  D 
All  D  is  E 
All  E  is  F 


All  A  is  F 


This  breaks  up  into  the  following  four  syllogisms : 

All  B  is  G  All  C  is  D 

All  A  is  B  All  A  is  C 


1.  All  A  is  C 

All  D  is  E 

All  A  is  D 

3.  All  A  is  A 


2.  All  A  is  D 

All  E  is  F 

All  A  is  E 


4.  All  A  is  F 


Note  that  the  minor  premise  stands  first,  and  that  the  sup¬ 
pressed  conclusion  is  the  minor  premise  for  each  syllogism 
after  the  first.  We  know  that  the  minor  premise  stands 
first,  because  the  conclusion  shows  A  to  be  the  minor  term. 
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Consider,  now,  concrete  examples: 

He  who  is  prudent  is  temperate. 

He  who  is  temperate  is  constant. 

He  who  is  constant  is  unperturbed. 

He  who  is  unperturbed  is  without  sorrow. 
He  who  is  without  sorrow  is  happy. 


Therefore,  he  who  is  prudent  is  happy. 

Again  we  get  four  syllogisms  when  we  break  this  up 

He  who  is  temperate  is  constant. 

He  who  is  prudent  is  temperate. 


1.  He  who  is  prudent  is  constant. 

He  who  is  constant  is  unperturbed. 
He  who  is  prudent  is  constant. 


2.  He  who  is  prudent  is  unperturbed. 

He  who  is  unperturbed  is  without  sorrow. 
He  who  is  prudent  is  unperturbed. 

3.  He  who  is  prudent  is  without  sorrow. 

He  who  is  without  sorrow  is  happy. 

He  who  is  prudent  is  without  sorrow. 


4.  He  who  is  prudent  is  happy. 

Another  famous  example  is  frequently  given : 

The  child  of  Themistocles  governs  its  mother. 
She  governs  her  husband. 

He  governs  Athens. 

Athens  governs  Greece. 

Greece  governs  the  world. 


The  child  governs  the  world. 

Let  the  student  break  this  up  into  syllogisms. 

Sw ^  J jk ■ 
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There  are  two  rules  which  control  this  type  of  sorites,  the 
violation  of  which  leads  to  the  fallacies  of  undistributed 
middle  and  illicit  major.  (1)  The  first  premise  may  he 
particular ,  hut  all  the  rest  must  he  universal,  to  avoid 
undistributed  middle.  This  is  really  the  same  as  the  special 
rule  for  the  first  figure  which  says  that  the  major  premise 
must  be  universal,  since  every  expressed  premise  except  the 
first  is  the  major  premise  of  a  syllogism  in  the  first  figure. 
The  first  premise,  being  the  minor  of  the  syllogism,  may  be 
particular.  It  should  also  be  noted  that  making  any  other 
premise  except  the  first  particular  would  involve  one  or 
more  of  the  syllogisms  into  which  the  sorites  is  resolved 
having  two  particular  premises.  But  this  is  equivalent  to 
undistributed  middle.  (2)  The  last  premise  may  he  nega¬ 
tive,  hut  all  the  rest  must  he  affirmative,  to  avoid  illicit 
major  or  two  negative  premises.  This  is  an  application  of 
the  other  special  rule  of  the  first  figure  to  the  sorites,  since 
making  any  other  premise  but  the  last  negative  would  result 
in  one  of  the  suppressed  conclusions  being  negative,  ac" 
cording  to  general  rule  six,  and  since  this  conclusion  is  the 
minor  premise  of  the  following  syllogism  it  would  violate 
the  rule  that  in  the  first  figure  the  minor  must  be  affirma¬ 
tive.  The  last  premise,  being  the  major  premise  of  the  last 
syllogism,  can  be  negative  without  violating  this  rule.  It 
only  makes  the  last  or  expressed  conclusion  negative,  and 
that  does  not  involve  a  fallacy  of  illicit  major,  because  the 
major  term  is  distributed  when  the  last  premise  is  made 
negative,  it  being  the  predicate  of  that  premise.  Making 
any  premise  except  the  last  negative  would  also  involve  one 
or  more  of  the  syllogisms  into  which  the  sorites  is  resolved 
having  two  negative  premises.  Using  the  examples  already 
given,  let  the  student  violate  each  of  these  rules,  and  note 
what  fallacies  result  when  the  sorites  is  broken  up  into 
separate  syllogisms. 
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The  Goclenian  Sorites 

It  is  exemplified  by  symbols  as  follows : 

All  A  is  B 
All  G  is  A 
All  D  is  C 
All  E  is  D 
All  F  is  E 
All  F  is  B 


This  breaks  up  thus: 


All  A  is  B 

All  C  is  A 

1.  All  C  is  B 


All  C  is  B 
All  D  is  C 

2.  All  D  is  B 


All  D  is  B 

All  E  is  D 

3.  All  E  is  B 


All  E  is  B 

All  F  is  E 

4.  All  F  is  B 


A  concrete  example  may  also  be  given: 


An  animal  is  a  substance. 

A  quadruped  is  an  animal. 
A  horse  is  a  quadruped. 
Dan  Patch  is  a  horse. 


Dan  Patch  is  a  substance. 

This  readily  breaks  up  into  three  syllogisms: 

An  animal  is  a  substance. 

A  quadruped  is  an  animal. 

1.  A  quadruped  is  a  substance. 

A  quadruped  is  a  substance. 

A  horse  is  a  quadruped. 

2.  A  horse  is  a  substance. 

A  horse  is  a  substance. 

Dan  Patch  is  a  horse. 


3.  Dan  Patch  is  a  substance. 
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The  rules  of  the  Aristotelian  sorites  must  be  reversed  for 
the  Goelenian.  Only  the  first  premise  can  be  negative  and 
only  the  last  particular.  Observe  that  in  both  types  of 
sorites  there  can  be  only  one  negative  and  one  particular 
premise,  but  in  the  Aristotelian  the  first  alone  can  be  par¬ 
ticular  and  the  last  negative,  whereas  in  the  Goelenian  the 
first  alone  can  be  negative  and  the  last  particular. 

Irregular  Arguments 

As  we  learned  at  the  end  of  the  last  chapter,  there  is  a 
very  extensive  class  of  inferences  which  operate  with  cate¬ 
gorical  propositions,  but  which  cannot  really  be  reduced 
to  syllogistic  form  without  their  character  being  funda¬ 
mentally  changed.  For  this  reason  they  were  there  called 
asyllogistic  of  non-syllogistic  arguments.  Now  among  these, 
are  some  which  have  long  been  recognized  by  logicians 
under  the  name  of  irregular  arguments.  Indeed,  attempts 
have  been  made  to  reduce  them  to  the  form  of  categorical 
syllogism  by  those  logicians  who  make  the  assumption  that 
an  inference  must  be  syllogistic  to  be  logical.  We  have 
already  shown  that  this  is  an  unwarranted  assumption. 
Hence  the  traditional  irregular  arguments  are  to  be  re¬ 
garded  as  genuine  asyllogistic  arguments.  They  fall  into 
two  groups:  (1)  inferences  dealing  with  spatial,  temporal 
and  quantitative  relations,  and  (2)  a  fortiori  (pronounced 
a  for'-shi-d-ri )  arguments. 

1.  Inferences  Dealing  with  Relations.  In  dealing  with 
relations,  in  the  discussion  of  kinds  of  terms,  we  saw  how 
fundamental  such  entities  are  for  logic.  Indeed  there  is  a 
tendency  to-day  to  restrict  logic  to  relations,  to  the  entire 
disregard  of  the  concrete  objects  which  stand  in,  or  are 
constituted  out  of,  these  relations.  Now  among  these 
logical  relations  space,  time  and  quantity  are  most  im¬ 
portant.  There  are  many  arguments  in  everyday  life 
which  are  based  upon  such  relations.  An  example  of  each 
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will  show  how  much  they  are  used,  and  why  they  are  asyl- 
logistic. 

( a )  Space: 

New  York  City  is  situated  to  the  east  of  Buffalo. 

Buffalo  is  situated  to  the  east  of  Chicago. 

New  York  City  is  situated  to  the  east  of  Chicago. 

Here  we  have  four  terms,  namely:  (1)  New  York  City, 
(2)  situated  to  the  east  of  Buffalo,  (3)  Buffalo,  (4)  situated 
to  the  east  of  Chicago.  But  in  spite  of  the  fact  that  there 
is  no  middle  term  this  argument  is  valid,  since  we  know 
that  whatever  is  east  of  Buffalo  is  also  east  of  whatever 
Buffalo  is  east.  This  knowledge  is  simply  a  deduction  from 
our  knowledge  of  the  nature  of  the  abstract  relation  of 
space.  Consequently,  the  proposition  just  stated  has  been 
used  as  a  major  premise  in  reducing  such  an  argument  to 
a  categorical  syllogism,  thus : 

Whatever  is  east  of  Buffalo  is  east  of  whatever  Buffalo  is  east. 
New  York  is  that  which  is  east  of  Buffalo. 

New  York  is  east  of  whatever  Buffalo  is  east,  namely,  Chicago. 

(ft)  A  similar  kind  of  argument  in  which  the  relation  of 
time  is  employed  is  the  following : 

The  Battle  of  the  Marne  was  fought  after  the  Battle  of 
Waterloo. 

The  Battle  of  Waterloo  was  fought  after  the  Huns  sacked 
Rome. 

The  Battle  of  the  Marne  was  fought  after  the  Huns  sacked 
Rome. 

(c)  And  here  is  one  which  uses  the  relation  of  quantity: 

A  bushel  of  corn  is  a  larger  heap  than  a  peck  of  com. 

A  peck  of  corn  is  a  larger  heap  than  a  quart  of  corn. 

A  bushel  of  corn  is  a  larger  heap  than  a  quart  of  corn. 
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Let  the  student  reduce  the  last  two  arguments  to  a  cate¬ 
gorical  syllogism  by  formulating  a  major  premise  similar 
to  the  one  given  about  space. 

2.  The  a  fortiori  Argument.  Literally  this  means  that 
something  is  true  for  a  far  stronger  reason,  or  that  it  is 
much  more  true  than  something  else  which  is  admitted  to 
be  true.  There  is  a  close  similarity  between  this  type  of 
argument  and  the  ones  just  mentioned  in  that  it  also  uses 
the  same  principle,  that  what  is  known  about  the  relation 
of  one  thing  to  another  and  of  that  other  to  a  third  can  be 
used  as  a  basis  for  an  inference  about  the  relation  of  the 
first  thing  to  the  third,  only  the  a  fortiori  argument  uses 
the  relation  of  causality ,  instead  of  space,  time  and  quan¬ 
tity.  For  this  reason  it  is  not  only  applicable  to  more 
kinds  of  subject  matter,  but  it  is  set  apart  by  a  special 
value  in  disputation  from  the  arguments  just  considered. 

The  a  fortiori  argument  may  be  stated  in  two  ways  and 
therefore  may  be  said  to  have  two  forms:  (a)  It  may  take 
the  form  of  concluding  that  a  certain  event  cannot  happen 
because  the  causes  which  are  alone  capable  of  producing 
it  operate  still  more  strongly  in  another  similar  case  with¬ 
out  producing  that  effect  at  all,  or  so  as  just  barely  to  pro¬ 
duce  it.  For  example,  take  the  Biblical  passage:  “If  the 
righteous  scarcely  be  saved,  where  shall  the  ungodly  and 
the  sinner  appear?”  Here  the  event  in  question  is  salva¬ 
tion.  In  the  case  of  the  righteous  the  causes  are  assumed 
to  be  barely  strong  enough  to  bring  about  salvation.  How 
then  can  any  one  suppose  the  causes  would  be  strong  enough 
to  produce  the  effect  in  cases  where  men  are  ungodly  and 
sinful?  This  example  can  be  reduced  to  three  propositions 
somewhat  as  follows: 

It  is  admitted  that  it  is  easier  for  a  righteous  person  to  be 
saved  than  it  is  for  an  ungodly  and  sinful  person. 

But  Scripture  teaches  that  the  righteous  are  just  barely  saved. 

No  sinful  and  ungodly  person  can  be  saved. 
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There  is  really  no  way  of  making  this  argument  conform 
to  the  rules  of  the  syllogism. 

(6)  The  a  fortiori  argument  may  also  take  the  form  of 
concluding  that  something  must  be  true,  or  some  event  must 
take  place  or  be  admitted  possible,  because  in  similar  cases 
causes  which  are  much  weaker  than  in  the  case  in  question 
have  succeeded  in  producing  it.  The  saying  of  Jesus : 
“If  ye,  then,  being  evil,  know  how  to  give  good  gifts  to 
your  children,  how  much  more  shall  your  heavenly  Father 
give  good  gifts  to  them  that  ask  him?”  exemplifies  very 
well  this  type  of  the  a  fortiori  argument.  Let  the  student 
state  it  as  three  propositions  as  was  done  above  with  the 
example  of  the  first  form  of  this  argument. 

The  a  fortiori  argument  is  quite  common.  In  essays, 
orations,  religious  apologetics,  and  in  argumentative  litera¬ 
ture  in  general  it  is  frequently  encountered.  The  ability 
to  use  it  effectively  is  often  very  helpful  in  disputation, 
and  an  understanding  of  it  adds  to  the  delight  which  comes 
from  general  reading. 

In  reference  to  all  of  these  irregular  arguments  it  should 
be  especially  emphasized  again  that,  whereas  they  have  no 
real  middle  term  and  are  not  conformable  to  the  rules  of 
the  syllogism,  nevertheless  their  validity  does  depend  on 
whether  they  correctly  exhibit  an  actual  implicative  sys¬ 
tem  or  inferential  whole.  Unless  such  a  real  system  is  as¬ 
sumed,  as  it  is  in  the  Biblical  arguments  quoted  above,  as 
well  as  in  the  arguments  used  to  exemplify  space,  time  and 
quantity,  the  argument  falls  to  the  ground.  The  validity 
of  an  irregular  argument  depends  just  as  much  on  the 
nature  of  its  implicative  system  as  does  the  validity  of  any 
other  argument.  The  difference  is  that  the  system  behind 
the  irregular  arguments  is  not,  as  in  the  syllogistic  form 
of  argument,  expressible  as  a  middle  term. 
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Exercise  IX 

1.  Indicate  the  order  of  each  of  the  following  enthymemes, 
supply  the  missing  premise  (or  the  conclusion)  and  tell  whether 
valid  or  invalid.  If  invalid,  name  the  fallacy: 

(a)  Among  the  bitterest  persecutions  known  in  history  are  those 
of  the  Russian  Bolshevists,  therefore  they  must  be  the  result 
of  fanatical  radicalism. 

(b)  Murder  is  a  crime  and  the  murderer  should  suffer. 

(c)  War  is  an  evil  and  it  should  be  abolished. 

(d)  Blessed  are  the  pure  in  heart,  for  they  shall  see  God. 

(e)  Oaks  are  vegetable  and  oysters  are  not  oaks. 

(/)  These  people  are  patriots  because  all  who  are  free  are  patriots. 

(g)  An  inflated  currency  promotes  national  prosperity,  because  it 
enables  many  people  to  get  rich  quickly. 

( h )  Apes  are  not  rational  animals,  because  only  men  are  rational. 

(i)  Being  mortal,  do  not  bear  immortal  hatred. 

(/)  These  men  are  good  and  therefore  brave. 

(k)  Despise  not  doubting,  it  is  often  the  best  service  thinking 
men  can  render  to  their  age  (Royce). 

(l)  Condemn  not  doubting,  it  is  often  the  truest  piety  (Royce). 

2.  Express  the  following  arguments  with  three  premises.  What 
kind  of  arguments  are  they? 

(a)  The  French  philosopher,  Condillac,  attempted  to  derive  the 
whole  of  human  consciousness  from  the  sense  of  smell.  “His 
object  in  choosing  the  least  important  of  the  five  senses  is 
plain.  If  the  sense  of  smell  suffices  to  make  a  complete  soul, 
then  the  combination  of  all  five  senses,  or  the  total  sensi¬ 
bility,  will  suffice”  (Weber). 

(&>  Horses  are  stronger  than  men.  Elephants  are  stronger  than 
horses,  therefore  elephants  are  stronger  than  men. 

(c)  Since  Aristotle’s  writings  come  after  those  of  Plato,  it  fol¬ 
lows  that  any  doctrine  which  cannot  be  traced  back  as  far 
as  the  Aristotelian  writings,  cannot  be  attributed  to  Plato. 

(d)  If  a  man  love  not  his  brother,  whom  he  hath  seen,  how  can 
he  love  God,  whom  he  hath  not  seen? 

(e)  Pope  Hildebrand  asked  this  question:  “Is  a  Hohenstaufen 
Prince  to  be  regarded  as  superior  to  the  High  Majesty  of  the 
Eternal?  If  the  Papacy,  with  its  power  of  the  Keys,  really 
dominates  over  the  eternal  world,  then  the  same  power  has 
a  right  to  dominate  and  control  all  earthly  potentates,  of 
whatever  kind  and  degree”  (Owen). 
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( f )  When  the  preachers  vied  with  each  other  in  narrating  great 
marvels,  superstition  received  the  sanction  of  the  church,  and 
the  way  was  made  broader  and  easier  for  astrologers  and 
magicians.  If  priests,  who  have  the  authority  of  the  Holy 
Spirit,  hold  wonderful  events  to  be  true,  it  is  a  plain  testi¬ 
mony  and  a  voucher  for  similar  narratives  from  less  accurate 
sources  (Owen). 

3.  Distinguish  the  sorites  from  the  epicheiremas  in  the  follow¬ 
ing,  and  break  up  each  into  syllogisms,  supplying  missing 
premises : 

(a)  All  ungulates  are  mammals. 

All  mammals  are  warm-blooded. 

All  warm-blooded  animals  have  lungs. 

All  animals  having  lungs  require  air. 

Therefore,  all  ungulates  require  air  (A.  L.  Jones). 

(b)  Man  has  consciousness,  for  he  can  think. 

And  he  has  a  body,  for  he  fills  space. 

Therefore,  some  beings  that  can  think  have  bodies. 

(c)  The  Hindoos  are  Aryans. 

The  Aryans  are  white  men. 

White  men  are  more  intelligent  than  negroes. 

Being  more  intelligent  than  negroes  are  capable  of  producing 
a  great  literature. 

Therefore,  the  Hindoos  are  capable  of  producing  a  great 
literature. 

( d )  All  who  are  contented  are  happy. 

All  who  are  free  are  contented. 

All  who  make  their  own  laws  are  free. 

The  American  people  are  those  who  make  their  own  laws. 
Therefore,  the  American  people  are  happy. 


SECTION  IV 


OTHER  TRADITIONAL  FORMS  OF  INFERENCE 
AND  FALLACIES 


CHAPTER  XII 


HYPOTHETICAL  AND  DISJUNCTIVE  INFERENCE 

In  classifying  propositions,  at  the  beginning  of  Section 
II,  we  mentioned  the  fact  that  we  wonld  be  dealing  only 
with  categorical  propositions  through  Sections  II  and  III, 
but  that  we  would  return  in  Section  IV  to  a  consideration 
of  hypothetical  and  disjunctive  propositions.  We  are  now 
ready  to  make  good  that  promise  by  showing  how  such 
propositions  may  be  used  in  the  construction  of  arguments 
which  are  really  quite  different  from  the  categorical  syl¬ 
logism.  We  shall  take  up  first  the  hypothetical  syllogism, 
then  the  disjunctive  syllogism,  and  then  the  dilemma,  which, 
as  we  shall  see,  is  a  highly  complex  form  of  inference  in¬ 
volving  both  hypothetical  and  disjunctive  propositions.  If 
the  student  has  forgotten  the  definitions  of  hypothetical 
and  disjunctive  propositions  which  were  given  in  Section  II, 
he  should  reread  them  before  proceeding  with  this  chapter. 

The  Four  Forms  of  the  Hypothetical  Syllogism 

The  hypothetical  syllogism  is  one  whose  major  premise 
is  a  hypothetical  proposition,  whose  minor  premise  is  a 
categorical  proposition  which  affirms  or  denies  either  the 
antecedent  or  the  consequent  of  that  major  premise,  and 
whose  conclusion  is  a  categorical  proposition  which  affirms 
or  denies  that  part  of  the  major  premise  not  affirmed  or 
denied  in  the  minor.  Since  both  the  antecedent  and  the 
consequent  of  the  major  may  either  be  affirmed  or  denied 
in  the  minor  premise,  there  are  four  possible  forms,  called 
moods.  These  are:  (1)  affirming  the  antecedent,  (2)  deny- 
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ing  the  antecedent,  (3)  affirming  the  consequent ,  and  (4) 
denying  the  consequent .  An  example  of  each  is  here  given : 

1.  Affirming  the  antecedent: 

If  the  League  of  Nations  is  to  be  fully  effective,  the  United 
States  must  join  it. 

But  its  friends  will  see  that  it  becomes  fully  effective. 

Its  friends  will  force  the  United  States  to  join  it. 

2.  Denying  the  antecedent: 

If  Prance  is  to  receive  reparation  payments  from  Germany 
then  she  must  revise  the  requirements  of  the  Versailles 
Treaty. 

France  will  not  receive  reparation  payments. 

France  will  not  revise  the  requirements  of  the  V ersailles 
Treaty. 

3.  Affirming  the  consequent : 

If  Bolshevist  Russia  is  to  survive,  then  the  Soviet  Govern¬ 
ment  must  abandon  the  principle  of  communism. 

The  Soviet  Government  has  abolished  the  principle  of  com¬ 
munism. 

Bolshevist  Russia  will  survive. 

4.  Denying  the  consequent : 

If  peace  in  Europe  is  to  be  achieved,  then  the  nations  must 
cease  seeking  only  their  own  advantage. 

The  nations  will  not  cease  seeking  only  their  own  advantage. 

Peace  in  Europe  will  not  be  achieved. 

The  moods  which  affirm  are  called  constructive,  and  the 
moods  which  deny  are  called  destructive.  Since  an  hypo¬ 
thetical  proposition  is  really  made  up  of  two  categorical 
propositions,  each  of  which  may  be  either  affirmative  or 
negative,  the  proposition  itself  does  not  have  quality.  Now 
to  affirm  one  of  the  categorical  propositions  embodied  in 
the  hypothetical  in  the  minor  premise  is  to  leave  it  as  it  is 
in  the  hypothetical  major  premise.  But  to  deny  is  to 
make  it  negative  in  the  minor  if  it  is  affirmative  in  the 
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major,  or  affirmative  in  the  minor  if  it  is  negative  in  the 
major.  Consequently  a  destructive  hypothetical  syllogism 
may  be  affirmative  in  form,  in  the  sense  that  both  the 
minor  premise  and  the  conclusion  may  be  categorical  propo¬ 
sitions  having  an  affirmative  quality.  The  question  of 
whether  an  hypothetical  syllogism  is  destructive  or  con¬ 
structive  is  always  determined  by  the  relation  of  the  minor 
premise  to  the  antecedent  or  consequent  in  the  hypo¬ 
thetical  major  of  which  it  is  the  affirmation  or  denial,  and 
is  never  determined  by  the  form  of  the  minor  premise 
or  conclusion  without  regard  to  the  major  premise.  Thus 
the  following  example  appears  to  be  destructive,  when  only 
the  quality  of  the  minor  premise  and  the  conclusion  is  taken 
into  consideration,  but  it  is  really  constructive,  because 
these  negative  propositions  are  precisely  like  the  antecedent 
and  the  consequent  of  the  major  premise : 

If  war  is  not  abolished,  then  happiness  is  not  possible. 

War  is  not  abolished. 

Happiness  is  not  possible. 

There  may  also  be  cases  in  which  the  antecedent  is  nega¬ 
tive  and  the  consequent  affirmative  and  vice  versa.  Hence, 
there  are  several  possible  types  of  both  destructive  and 
constructive  hypothetical  syllogisms,  but  the  student  will 
have  no  difficulty  determining  the  mood,  if  he  will  look 
at  the  relation  between  the  minor  premise  and  that  part  of 
the  hypothetical  major  which  this  represents. 

The  Rule  and  the  Fallacies  of  the  Hypothetical  Syllogism 

Not  all  of  the  four  forms  of  the  hypothetical  syllogism 
are  valid.  Indeed  most  logicians  hold  that  there  are  only 
two  moods  because  they  count  only  the  valid  moods.  Of 
the  two  moods  in  which  the  antecedent  forms  the  minor 
premise  only  the  constructive  is  valid.  It  is  called  the 
modus  ponens.  Of  the  two  moods  in  which  the  consequent 


166 


THE  PRINCIPLES  OF  REASONING 


forms  the  minor  premise  only  the  destructive  is  valid.  It 
is  called  the  modus  tollens.  Hence  the  rule  for  the  hypo¬ 
thetical  syllogism  is:  Either  affirm  the  antecedent  or  deny 
the  consequent.  Of  the  other  two  moods,  one  denies  the 
antecedent  and  the  other  affirms  the  consequent,  and  these 
are  the  fallacies  of  hypothetical  reasoning. 

It  is  a  fallacy  to  deny  the  antecedent  because  we  do  not 
know  that  the  expressed  antecedent  is  the  only  condition 
on  which  the  consequent  will  follow.  There  may  be  other 
antecedents  connected  Avith  this  same  consequent.  Hence 
the  denial  of  one,  gives  no  logical  basis  for  denying  the 
consequent.  To  reach  a  Aralid  conclusion  by  denying  the 
antecedent  it  would  be  necessary  (1)  to  know  what  all  of 
the  antecedents  to  that  consequent  are,  and  (2)  to  deny  all 
of  them.  Then,  and  only  then,  would  we  be  logically  justi¬ 
fied  in  denying  the  consequent  in  the  conclusion.  Take  this 
example : 


If  the  Darwinian  theory  of  natural  selection 
is  true, 

If  a  true  missing  link  between  man  and  the 
anthropoid  apes  has  been  discovered, 

If  the  Biblical  account  of  creation  is  false, 


A 


^  then  the  theory  of 
evolution  is  true. 


Suppose,  now,  that  any  of  these  three  antecedents  could 
be  absolutely  affirmed  true,  and  suppose  that  the  truth  of 
each  does  actually  carry  with  it  the  truth  of  the  theory  of 
evolution,  then  the  affirmation  of  any  one  would  justify 
the  affirmation  of  the  theory.  But  suppose,  on  the  other 
hand,  that  the  first  antecedent  could  be  proven  to  be  false, 
we  would  not  then  be  justified  in  holding  the  theory  of 
evolution  to  be  false,  since  the  truth  of  one  of  the  other 
antecedents  might  establish  its  truth.  Assuming  a  neces¬ 
sary  connection  betAA^een  the  antecedent  and  the  consequent, 
we  know  that  the  affirmation  of  that  antecedent  carries  with 
it  an  affirmation  of  the  consequent,  but  we  also  know  that 
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a  denial  of  that  antecedent  does  not  carry  with  it  a  denial 
of  the  consequent,  since  the  consequent  may  possibly  follow 
from  some  other  unexpressed  antecedent  which  is  just  as 
necessarily  connected  with  the  consequent  as  is  the  one 
which  is  expressed. 

On  the  other  hand,  it  is  a  fallacy  to  affirm  the  consequent, 
because  it  may  result  from  other  antecedents  as  well  as 
from  the  one  which  is  expressed.  To  affirm  the  existence 
of  a  consequent  does  not  enable  me  to  say  that  any  one 
antecedent  is  true  to  the  exclusion  of  another,  or  to  de¬ 
termine  which  among  them  is  true.  One  could  only  do  this 
in  the  case  where  he  knew  that  there  was  and  could  be 
only  one  antecedent,  and  one  rarely,  if  ever,  knows  this. 
On  logical  grounds  we  must  assume  that  there  are  more 
antecedents  than  one.  Hence,  to  revert  to  our  example, 
to  affirm  that  the  theory  of  evolution  is  true  would  not 
justify  affirming  that  the  Darwinian  theory  of  natural 
selection  is  also  true.  But  if  wTe  know  that  the  theory  of 
evolution  is  false,  we  are  justified  in  denying  the  Darwinian 
theory  of  natural  selection. 

The  Relation  of  the  Categorical  to  the  Hypothetical  Syl¬ 
logism 

It  is  easy  to  reduce  an  hypothetical  to  a  categorical  syl¬ 
logism  by  simply  stating  the  hypothetical  major  as  a  cate¬ 
gorical  proposition.  To  do  this  it  is  necessary  to  remember 
that  there  is  a  categorical  element  in  every  hypothetical 
proposition,  or,  in  other  words,  that  every  hypothetical 
proposition  makes  a  definite  assertion  of  a  relation  of  neces¬ 
sary  connection  between  its  antecedent  and  its  consequent. 
Hence  it  can  be  put  into  categorical  form  by  using  the  whole 
of  the  antecedent  for  the  subject  term,  and  the  whole  of 
the  consequent  for  the  predicate  term.  Since  the  connec¬ 
tion  between  them  in  the  hypothetical  is  always  understood 
to  be  universal  and  to  hold  of  all  possible  cases,  and  since 
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no  hypothetical  proposition  can  be  negative  in  quality,  the 
negation  always  being  in  the  antecedent  or  consequent  or 
both,  the  resulting  categorical  is  always  a  universal  affirma¬ 
tive,  an  A  proposition.  Take  this  as  an  example  of  the 
reduction  of  an  hypothetical  syllogism  to  a  categorical : 

If  President  Wilson  had  taken  the  Senate  into  his  confidence, 
the  peace  treaty  would  have  been  ratified 

The  peace  treaty  was  not  ratified. 

President  Wilson  did  not  take  the  Senate  into  his  confidence. 

In  categorical  form  this  is  Figure  II,  mood  AEE  and  valid. 

The  case  of  President  Wilson  taking  the  Senate  into  his 
confidence  is  the  case  of  the  peace  treaty  being  ratified. 

The  actual  case  was  not  the  case  of  the  peace  treaty  being 
ratified. 

The  actual  case  is  not  the  case  of  President  Wilson  taking 
the  Senate  into  his  confidence. 

Here  the  major  is  stated  as  a  singular  A,  hut  singular 
propositions  are  genuine  universals. 

When  a  fallacious  hypothetical  syllogism  is  reduced  to 
categorical  form,  the  fallacies  of  denying  the  antecedent 
and  affirming  the  consequent  show  up  as  the  syllogistic 
fallacies  of  illicit  major  and  undistributed  middle.  Thus: 

If  Moses  wrote  the  Pentateuch,  the  theory  that  it  is  a  com¬ 
pilation  from  several  sources  is  false. 

Moses  did  not  write  the  Pentateuch. 

The  theory  that  it  is  a  compilation  from  several  sources  is 
not  false. 

In  categorical  form  this  becomes  Figure  I,  mood  AEE, 
illicit  major. 

All  cases  of  Moses  writing  the  Pentateuch  are  cases  of  the 
theory  that  it  is  a  compilation  from  several  sources  being 
false. 
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The  actual  case  is  not  the  case  of  Moses  writing  the  Penta¬ 
teuch. 

The  actual  case  is  not  the  case  of  the  theory  that  it  is  a 
compilation  from  several  sources  being  false. 

Note  that  the  major  term  is  undistributed  in  the  premise 
as  the  predicate  of  an  A  proposition,  and  distributed  in  the 
conclusion  as  the  predicate  of  an  E  proposition. 

Take  this  example  of  affirming  the  consequent: 

If  crystals  grow,  the  inorganic  world  is  really  living. 

The  inorganic  world  is  really  living. 

Crystals  grow. 

In  categorical  form  this  becomes  Figure  II,  mood  AAA, 
undistributed  middle. 

All  cases  of  crystals  growing  are  cases  of  the  inorganic  world 
really  living. 

The  actual  case  is  the  case  of  the  inorganic  world  really 
living. 

The  actual  case  is  the  case  of  crystals  growing. 

The  value  of  reducing  hypothetical  to  categorical  syl¬ 
logisms  is  that  it  shows  that  the  distinction  between  the 
two  is  purely  relative.  Every  proposition  has  in  it  a 
categorical  element.  It  asserts  something.  On  the  other 
hand,  it  also  has  in  it  an  hypothetical  element.  Whatever 
is  asserted  is  always  understood  to  be  subject  to  some  con¬ 
dition  or  limitation.  Suppose  I  assert  that,  All  men  are 
mortal.”  Here  I  appear  to  have  a  pure  categorical  asser¬ 
tion.  Is  there  an  hypothetical  element  in  it?  Certainly, 
as  is  shown  by  the  attempt  to  prove  it.  Suppose  some  one 
were  to  argue  that  there  is  a  race  of  men  on  some  distant 
planet  concerning  whom  Shakespeare’s  statement:  All 
that  lives  must  die,  passing  through  nature  to  eternity,  is 
false.  How  could  we  prove  to  him  that  all  men  are  mortal  ? 
Only  by  stating  it  hypothetically.  If  all  men  are  like  men 
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on  the  earth  then  they  are  mortal.  But  if  the  word  man 
is  to  be  extended  to  cover  races  of  beings  on  distant  planets 
concerning  whom  we  know  nothing,  our  proposition  is 
false.  It  is  only  true  when  it  is  asserted  subject  to  the 
reservation  that  it  applies  only  to  that  universe  of  discourse 
defined  by  men  bom  upon  this  planet.  If  man  actually  is 
what  we  take  him  to  be,  as  a  part  of  this  system  of  earth- 
born  creatures,  then  he  is  mortal.  If  a  man,  in  our  sense  of 
the  word  man,  then  a  mortal.  Every  judgment  whatso¬ 
ever  has  in  it  this  hypothetical  element  along  with  a  cate¬ 
gorical  element.  The  two  aspects  cannot  be  separated. 
The  real  value  of  reducing  one  type  of  judgment  and  of 
inference  to  the  other  is  that  it  brings  this  undeniable  fact 
into  clear  relief. 

There  also  lurks  here  a  danger,  and  that  is  that  we  should 
think  that  all  genuine  inference  is  categorical,  hypothetical 
reasoning  being  unimportant  because  reducible  to  cate¬ 
gorical  form.  This  is  apt  to  be  the  view  of  those  who  try 
to  make  all  reasoning  conform  to  the  rules  of  the  categorical 
syllogism.  But  the  reverse  is  nearer  the  truth.  In  many 
cases  hypothetical  reasoning  is  far  more  important  than 
categorical  reasoning.  The  former  is  nearer  the  temper 
of  science,  whereas  the  latter  tends  to  dogmatism.  The 
method  of  hypothesis  is  a  striking  expression  of  the  extent 
to  which  hypothetical  reasoning  enters  into  the  procedure 
of  scientific  research,  but  we  must  postpone  consideration 
of  it  until  we  take  up  the  explanatory  methods. 

The  Disjunctive  Syllogism 

The  disjunctive  syllogism  is  one  in  which  the  major 
premise  is  a  disjunctive  proposition,  the  minor  a  categorical 
proposition  affirming  or  denying  one  of  the  alternatives  of 
the  major  premise,  and  the  conclusion  a  categorical  propo¬ 
sition  either  denying  (when  the  minor  affirms)  or  affirm¬ 
ing  (when  the  minor  denies)  the  other  alternative  of  the 
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major  premise.  There  are,  therefore,  only  two  forms  of 
the  disjunctive  syllogism,  but  owing*  to  the  fact  that  the 
major  premise  may  be  stated  in  three  different  ways,  each 
one  of  these  forms  may  be  stated  in  three  ways.  The  two 
moods  are  :  (1)  the  modus  ponendo  tollens — the  mood  which 
denies  by  affirming,  and  (2)  the  modus  tollendo  ponens 
the  mood  which  affirms  by  denying. 

The  three  ways  of  stating  the  mood  which  denies  in  the 
conclusion  by  affirming  in  the  minor  premise  are  as  follows : 


A  is  either  B  or  C. 
1.  A  is  B. 

A  is  not  C. 


Dowie  was  either  a  fanatic  or  a  fool. 
He  was  a  fanatic. 

He  wTas  not  a  fool. 


Either  A  is  B  or  C  is  D. 
2.  A  is  B. 

C  is  not  D. 


Either  the  Soviet  Government  must 
give  up  its  policy  of  repudiat¬ 
ing  the  debts  incurred  by  the 
Czar,  or  France  will  lose  the 
money  she  loaned  Russia. 

The  Soviet  Government  must  give 
up  its  policy  of  repudiating  the 
debts  incurred  by  the  Czar. 

France  will  not  lose  the  money  she 
loaned  Russia. 


Either  A  or  B  is  C. 
3.  A  is  C. 

B  is  not  C. 


Either  Clemenceau  or  Lloyd  George 
was  responsible  for  the  terms 
of  the  Versailles  Treaty. 
Clemenceau  was  responsible. 

Lloyd  George  was  not  responsible. 


The  three  ways  of  stating  the  mood  which  affirms  in  the 
conclusion  by  denying  in  the  minor  premise  are  as  follows : 


A  is  either  B  or  C. 
1.  A  is  not  B. 

A  is  C. 


The  earth’s  orbit  is  either  a  circle  or 
an  ellipse. 

It  is  not  a  circle. 

It  is  an  ellipse. 
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Either  A  is  B  or  C  is  D. 
2.  A  is  not  B. 

C  is  D. 


Either  the  state  universities  must 
be  greatly  enlarged,  or  private 
institutions  must  handle  more 
students. 

The  state  universities  will  not  be 
greatly  enlarged. 

Private  institutions  must  handle 
more  students. 


Either  A  or  B  is  C. 
3.  A  is  not  C. 

B  is  C. 


Either  Plato  or  Aristotle  discovered 
the  syllogism. 

Plato  did  not  discover  it. 

Aristotle  discovered  it. 


The  disjunctive  syllogism  is  subject  to  the  fallacies  of 
the  disjunctive  proposition.  One  of  these  is  that  the  al¬ 
ternatives  may  not  be  mutually  exclusive,  and  the  other 
is  that  they  may  not  be  exhaustive.  A  disjunctive  proposi¬ 
tion  which  fails  to  meet  either  of  these  requirements  is 
said  to  be  an  imperfect  disjunction.  It  is  a  very  difficult 
matter  to  find  disjunctives  which  meet  both  of  these  re¬ 
quirements.  In  fact,  the  whole  problem  in  disjunctive 
reasoning  is  to  reduce  the  subject  matter  to  mutually  ex¬ 
clusive  and  exhaustive  alternatives.  The  strident  should 
examine  each  of  the  examples  just  given  with  a  view  to 
discovering  cases  in  which  the  two  alternatives  overlap  or 
where  there  is  a  third  possibility.  Although  disjunctive 
propositions  are  often  used  in  everyday  life  most  of  them 
will  be  found  to  be  defective  in  one  or  the  other  of  these 
respects. 

Hypothetical  and  Disjunctive  Chains  of  Reasoning 

Just  as  we  have  interesting  chains  of  reasoning  made  up 
of  a  series  of  categorical  syllogisms,  so  we  may  have  them 
made  up  of  hypothetical  and  disjunctive  syllogisms.  Some 
curious  strings  of  this  sort  gave  amusement  and,  perhaps, 
comfort  to  some  of  the  soldiers  in  the  late  war.  Here  is  one 
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which  has  been  widely  published  under  the  title,  “The 
Philosophy  of  an  Airman”: 

If  you  fly  well  there  is  nothing  to  worry  about. 

If  you  should  spin,  then  one  of  two  things  may  happen : 
Either  you  crash  or  you  don’t  crash. 

If  you  don’t  crash  there  is  nothing  to  worry  about. 

If  you  do  crash  one  of  two  things  may  happen :  Either  you 
are  hurt  or  you  are  not  hurt. 

If  you  are  not  hurt  there  is  nothing  to  worry  about. 

If  you  are  hurt  one  of  two  things  may  happen :  Either  you 
are  badly  hurt  or  you  are  not  badly  hurt. 

If  you  are  not  badly  hurt  there  is  nothing  to  worry  about. 

If  you  are  badly  hurt,  then  one  of  two  things  may  happen: 
Either  you  recover  or  you  don’t  recover. 

If  you  do  recover,  then  there  is  nothing  to  worry  about. 

If  you  don’t  recover  you  can’t  worry. 

The  disjunctive  propositions  in  this  string  are  excellent 
illustrations  of  imperfect  disjunctions.  The  alternatives 
are  neither  exhaustive  nor  mutually  exclusive,  so  that  how¬ 
ever  comforting  such  reasoning  may  be  to  any  particular 
airman,  it  is  surely  very  bad  logic. 

There  are  also  hypothetical  sorites,  which  correspond  to 
the  Aristotelian  form  of  the  categorical  sorites.  Here  is  an 
example : 

If  the  non-partisan  agitation  for  the  entrance  of  the  United 
States  into  the  League  of  Nations  continues  under  the 
able  leadership  of  former  Justice  Clark,  a  strong  public 
opinion  favoring  our  entrance  will  be  created. 

If  a  strong  public  opinion  favoring  our  entrance  is  created, 
the  politicians  who  have  blocked  our  entrance  will  be 
forced  to  yield  to  popular  demand. 

If  the  politicians  who  have  blocked  our  entrance  are  forced 
to  yield  to  popular  demand,  there  will  be  no  opposition 
to  our  entrance  and  the  United  States  will  become  a 
member  of  the  League. 

Therefore,  if  the  non-partisan  agitation  for  the  entrance  of 
the  United  States  into  the  League  of  Nations  continues 
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under  the  able  leadership  of  former  Justice  Clark,  there 
will  be  no  opposition  to  our  entrance  and  the  United 
States  will  become  a  member  of  the  League. 

Note  that  the  conclusion  of  this  sorites  unites  the  antecedent 
of  the  first  premise  with  the  consequent  of  the  last.  There 
are  hypothetical  sorites  which  have  the  Goclenian  form,  that 
is,  the  conclusion  unites  the  antecedent  of  the  last  premise 
with  the  consequent  of  the  first.  Hypothetical  syllogisms 
in  which  all  the  propositions  are  hypothetical  are  called 
pure,  to  distinguish  them  from  the  much  more  common 
mixed  type  dealt  with  above. 

Exercise  X 

1.  Give  the  mood  and  fallacy  (if  any)  of  each  of  the  following 
hypothethical  syllogisms.  Reduce  each  to  categorical  form  and 
point  out  the  rule  of  the  syllogism  which  is  violated. 

(a)  If  elements  are  formed  from  hydrogen,  the  mass  of  their  atoms 
ought  all  to  be  exact  multiples  of  the  mass  of  the  hydrogen 
atom.  But  the  mass  of  their  atoms  are  not  all  exact  multiples 
of  the  mass  of  the  hydrogen  atom. 

Elements  are  not  formed  from  hydrogen  (Discovery) . 

(b)  If  we  had  a  monetary  system  so  contrived  as  to  keep  the  gen¬ 
eral  level  of  prices  approximately  constant,  cyclical  industrial 
movements  would  still  take  place. 

But  we  do  not  have  a  monetary  system  so  contrived. 

The  cyclical  industrial  movements  will  not  continue  ( Dis¬ 
covery  ) . 

(o )  If  subsequent  explorations  add  a  few  species  of  cryptogams, 
we  will  know  the  general  aspect  of  Antarctic  flora. 

But  we  will  know  the  general  aspect  of  Antarctic  flora. 

Subsequent  explorations  will  add  a  few  species  of  crypto¬ 
gams  ( Discovery ) . 

(d)  If  they  thought  to  terrify  a  veteran  who  had  braved  governors 
they  sadly  misjudged  their  men. 

They  did  not  think  they  could  terrify  a  veteran. 

They  did  not  misjudge  their  man  (Discovery) . 

(e)  If  water  could  be  held  by  gravity  on  the  surface  of  a  tetrahe¬ 
dron,  so  as  to  cover  five-tenths  of  the  area,  it  would  corre¬ 
spond  in  plan  to  the  oceans  of  the  world. 

But  water  cannot  be  held  by  gravity  on  the  surface  of  a 
tetrahedron,  so  as  to  cover  five-tenths  of  its  surface. 
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Therefore,  water  on  a  tetrahedron  cannot  be  made  to 
correspond  to  the  oceans  of  the  world  (The  Outline  of 
Science). 

(/)  If  the  attacks  of  weathering  go  on  unchecked,  mountains  will 
be  worn  down  to  a  plain. 

They  will  be  worn  down  to  a  plain. 

Weathering  will  go  on  unchecked  (The  Outline  of  Science). 

(g)  If  you  were  not  present  at  the  concert,  you  did  not  spend  the 
evening  wisely. 

You  did  spend  the  evening  wisely. 

You  were  present  at  the  concert. 

(h)  If  our  team  does  not  show  more  speed,  it  will  be  defeated  in 
this  game. 

It  will  show  more  speed. 

It  will  not  be  defeated. 

2.  Construct  disjunctive  syllogisms  to  illustrate  each  of  the  two 
moods,  and  each  of  the  three  ways  of  stating  a  disjunctive  prop¬ 
osition. 

3.  Test  the  following  disjunctive  syllogisms  by  the  rule  that  the 
alternatives  must  be  mutually  exclusive  and  exhaustive.  Indicate 
the  mood  of  each. 

(а)  Mountains  are  either  original  or  relict. 

The  Appalachian  mountains  are  relict. 

They  are  not  original. 

(б)  Either  the  League  of  Nations  must  be  made  a  success  or  we 
shall  have  more  war. 

We  have  determined  not  to  have  more  war. 

We  must  be  determined  to  make  the  League  a  success. 

(e)  Either  a  man  must  have  a  large  income,  or  he  must  not  ex¬ 
pect  to  live  comfortably. 

This  man  does  not  expect  to  live  comfortably. 

He  does  not  have  a  large  income. 


CHAPTER  XIII 


THE  DILEMMA 

Definition  of  the  Dilemma 

The  dilemma  came  into  logic  from  rhetoric.  It  began 
to  take  its  present  form  during  the  revival  of  learning  in 
the  Middle  Ages,  and  there  is  still  a  great  deal  of  diversity 
among  logicians  in  their  treatment  of  it.  It  is  true  that  the 
Stoics  recognized  and  insisted  upon  the  importance  of  this 
type  of  reasoning.  Moreover,  it  is  really  a  development  of 
the  dialectical  type  of  arguing  used  by  Zeno,  the  Sophists 
and  Socrates,  before  the  development  of  Aristotelian  logic. 
But  in  the  form  in  which  we  know  it  to-day  it  goes  back 
to  the  medieval  rhetoricians. 

Perhaps  its  most  characteristic  mark  is  that  it  puts  an 
antagonist  in  a  situation  where  he  must  accept  one  or  the 
other  of  two  alternatives,  either  of  which  is  bad.  Hence  it 
has  been  defined  as  a  form  of  argument  “in  which  it  is 
shown  that  whoever  maintains  a  certain  proposition  must 
accept  one  or  the  other  of  two  alternative  conclusions,  and 
that  each  of  these  involves  the  denial  of  the  proposition  in 
question”  (Century  Dictionary) .  The  two  alternatives  are 
called  the  horns  of  the  dilemma  and  an  adversary  is  said 
to  be  gored  or  impaled  on  the  horns.  For  this  reason  the 
dilemma  is  sometimes  referred  to  as  a  horned  syllogism. 
Another  good  brief  definition  is  that  of  Joseph:  “The 
dilemma  is  a  hypothetical  argument,  offering  alternatives 
and  proving  something  against  an  opponent  in  either 
case.” 

While  such  definitions  as  the  two  just  quoted  give  a  good 
general  idea  of  the  nature  of  a  dilemma  they  do  not  make 
its  structure  sufficiently  clear.  For  this  purpose  a  longer 
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definition,  bringing  out  the  nature  and  the  mutual  relations 
of  each  of  the  three  propositions,  is  essential.  I  suggest 
this.  The  dilemma  is  a  complex  argument,  consisting  of  a 
compound  hypothetical  or  of  a  compound  hypothetical  and 
disjunctive  major  premise;  and  of  a  minor  premise  which 
either  affirms  the  two  antecedents  or  denies  the  two  conse¬ 
quents  of  the  major  disjunctively,  or,  in  the  case  where  the 
disjunction  is  in  the  major,  of  a  minor  premise  which 
denies  categorically  the  two  alternatives  of  the  major ;  and 
of  a  conclusion  which  either  affirms  or  denies,  categorically 
or  disjunctively,  the  other  element  or  elements  of  the  ma¬ 
jor  premise.  When  the  conclusion  is  a  categorical  proposi¬ 
tion  the  dilemma  is  simple,  and  when  it  is  a  disjunctive 
proposition  it  is  complex.  When  the  minor  affirms  the 
antecedents  the  dilemma  is  constructive,  and  when  the 
minor  denies  the  consequents  it  is  destructive.  Hence 
there  are  four  forms:  (1)  the  simple  constructive,  ( 2 } 
the  simple  destructive,  (3)  the  complex  constructive,  and 
(4)  the  complex  destructive.  The  definition  just  given  is 
necessarily  somewhat  complicated.  After  carefully  exam¬ 
ining  the  following  examples  of  each  of  the  four  types  the 
student  should  return  to  it.  It  will  then  be  found  much 
clearer  and  will  give  a  more  adequate  conception  of  the 
structure  of  the  dilemma.  While  the  definition  cannot  be 
fully  understood  apart  from  the  examples,  neither  can  they 
be  fully  comprehended  apart  from  the  definition. 

Examples  of  the  Four  Forms 

1.  The  simple  constructive 

If  A  is  B,  E  is  F,  and  if  C  is  D,  E  is  F. 

But  either  A  is  B  or  C  is  D. 

Therefore,  E  is  F. 

Note  that  the  compound  hypothetical  major  here  has  two 
antecedents,  each  of  which  has  the  same  consequent.  This 
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makes  it  possible  for  the  conclusion  to  be  categorical,  since 
it  affirms  this  common  consequent.  The  minor  affirms  dis¬ 
junctively  the  two  antecedents.  Consider,  now,  this  con¬ 
crete  illustration  of  this  form  of  the  dilemma: 

If  a  man  continues  to  live,  he  cannot  collect  his  life  insur¬ 
ance  ;  and  if  a  man  dies,  he  cannot  collect  his  life 
insurance. 

But  either  a  man  will  continue  to  live  or  he  will  die. 

He  cannot  collect  his  life  insurance. 

This  is  a  simple  constructive  dilemma,  even  though  the 
conclusion  is  negative.  For  it  is  the  minor  premise,  and 
not  the  conclusion,  which  determines  whether  a  dilemma 
is  constructive  or  destructive. 

2.  The  Simple  Destructive 

If  A  is  B,  either  C  is  D  or  E  is  F. 

But  G  is  not  D  and  E  is  not  F. 

Therefore,  A  is  not  B. 

Here  the  major  is  a  compound  hypothetical  and  disjunc¬ 
tive  proposition,  in  which  the  two  consequents  are  alter¬ 
natives  to  a  common  antecedent.  The  minor  is  a  compound 
categorical  proposition,  denying  both  alternatives,  and  the 
conclusion  denies  the  common  antecedent.  The  fact  that 
each  alternative  has  the  same  antecedent  makes  it  possible 
for  the  conclusion  to  be  categorical  again.  This  is  the  only 
form  of  the  dilemma  in  which  the  disjunction  appears  in 
the  major  premise.  In  all  the  other  forms  it  appears  in 
the  minor.  Notice  the  way  the  definition  given  above  pro¬ 
vides  for  this  case. 

The  famous  argument  of  the  Greek  philosopher,  Zeno, 
proving  the  inconceivability  of  motion,  exemplifies  this 
form  very  well : 

If  a  body  moves,  either  it  must  move  in  the  place  where  it  is 
or  in  the  place  where  it  is  not. 
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But  it  cannot  move  in  the  place  where  it  is,  and  it  cannot 
move  in  the  place  where  it  is  not. 

Therefore,  it  cannot  move. 

Some  logicians  hold  that  this  form  of  the  simple  de¬ 
structive  dilemma  is  not  really  a  dilemma,  but  a  hypo¬ 
thetical  syllogism  with  a  disjunctive  consequent.  Among 
these  writers  some  hold  that  there  are  only  three  forms  of 
the  dilemma,  and  others  hold  that  the  simple  destructive 
should  be  formulated  as  follows: 

If  A  is  B,  C  is  D  and  E  is  F. 

But  either  C  is  not  D  or  E  is  not  F. 

Therefore,  A  is  not  B. 

Mellone  gives  this  example: 

If  he  goes  to  town  he  must  pay  for  his  railway  ticket  and  his 
hotel  bill. 

But  either  he  is  unable  to  pay  his  hotel  bill,  or  he  is  unable 
to  pay  for  his  railway  ticket. 

Therefore,  he  cannot  go  to  town. 

Still  other  logicians  hold  that  both  forms  of  the  simple 
destructive  dilemma  are  valid.  “So  far  from  there  being 
no  such  thing  as  a  simple  destructive  dilemma,  there  are 
two  forms  of  it,  against  only  one  form  of  simple  con¬ 
structive  dilemma.”  I  agree  with  this  position  of  Joseph. 

3.  The  Complex  Constructive 

If  A  is  B,  E  is  F\  and  if  C  is  D,  G  is  H. 

But  either  A  is  B  or  C  is  D. 

Therefore,  either  E  is  F  or  G  is  E. 

In  this  form  the  compound  hypothetical  major  has  two 
different  antecedents,  so  that  the  conclusion  has  to  be  a 
disjunctive  proposition  as  well  as  the  minor.  It  is  this 
fact  that  makes  it  complex.  It  is  constructive  because  the 
minor  affirms  disjunctively  the  two  antecedents  of  the 
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major  premise.  This  is  a  very  common  form.  Here  is  a 
concrete  example : 

If  the  price  of  food  increases,  the  poor  will  starve;  and  if 
the  price  of  fuel  increases,  the  poor  will  freeze. 

But  either  the  price  of  food  will  increase  or  the  price  of  fuel 
will  increase. 

Therefore,  either  the  poor  will  starve  or  the  poor  will  freeze. 

4.  The  Complex  Destructive 

If  A  is  B,  E  is  F,  and  if  C  is  D,  G  is  H. 

But  either  E  is  not  F  or  G  is  not  H. 

Therefore,  either  A  is  not  B  or  C  is  not  D. 

Here,  again,  the  major  premise  has  two  consequents  and 
two  antecedents  which  necessitates  a  disjunctive  conclu¬ 
sion.  The  minor  denies  disjunctively  the  consequents  of 
the  major  premise,  making  the  dilemma  destructive. 

If  the  Soviet  Government  lives  up  to  its  ideals,  it  must  retain 
communism,  and  if  it  gets  financial  aid  from  foreign, 
governments,  it  must  restore  the  property  of  their  citi¬ 
zens  living  in  Russia. 

But  either  it  will  not  retain  communism,  or  it  will  not  restore 
the  property  of  foreigners. 

Either  it  will  not  live  up  to  its  ideals,  or  it  will  not  get 
financial  aid  from  foreign  governments. 

How  to  Meet  a  Dilemma 

The  most  vulnerable  spot  in  a  dilemma  is  usually  in  the 
disjunction.  We  have  already  seen  how  difficult  it  is  to 
get  alternatives  which  are  mutually  exclusive  and  exhaus¬ 
tive.  When  the  alternatives  offered  in  a  dilemma  are 
not  exhaustive,  the  best  way  to  meet  it  is  to  bring  forward 
a  third  alternative  which  does  not  carry  with  it  the  un¬ 
toward  consequences.  Since  the  alternatives  are  called 
horns  this  way  of  meeting  a  dilemma  is  usually  spoken  of 
as  escaping  let  ween  the  horns.  For  example,  some  of 
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Zeno’s  critics  attempted  to  escape  between  the  horns  by 
maintaining  that  a  body  can  move  in  between  the  place 
where  it  is  and  the  place  where  it  is  not.  This  would  be 
a  third  alternative  which  would  make  motion  possible, 
unless  one  replies  that  this  is  really  equivalent  to  the  place 
where  the  body  is  not,  since  it  would  be  another  place  from 
where  the  body  is. 

A  second  way  of  meeting  a  dilemma  is  to  take  it  by  the 
horns.  However,  this  usually  means  taking  it  by  one  horn 
rather  than  by  both.  This  involves  accepting  one  or  the 
other  of  the  alternatives,  and  showing  that  the  supposedly 
bad  consequences  in  the  conclusion  are  not  really  bad  or 
do  not  follow  from  the  acceptance  of  this  particular  alter¬ 
native.  Escaping  between  the  horns  attacks  the  disjunctive 
premise,  but  taking  it  by  the  horns  attacks  the  hypothetical 
premise  in  that  it  denies  that  there  is  any  necessary  con¬ 
nection  between  the  alternative  or  alternatives  and  the  an¬ 
tecedents  or  consequents  with  which  they  are  connected  in 
the  hypothetical  major.  Thus  Plato  has  suggested  an  an¬ 
swer  to  Zeno  which  is  really  equivalent  to  taking  this 
dilemma  by  one  of  its  horns.  For  he  instances  the  top, 
which  moves  in  the  place  where  it  is.  Thus  he  might  argue 
that  Zeno’s  alternatives  are  all  right,  but  that  the  denial 
that  a  body  can  move  in  the  place  where  it  is  must  be 
regarded  as  false,  since  a  spinning  top  moves  in  the  place 
where  it  is. 

A  third  way  of  meeting  a  dilemma  is  to  rebut  it,  which 
means  to  construct  a  counter  dilemma  leading  to  a  conclu¬ 
sion  exactly  opposite  to  the  conclusion  of  the  original 
dilemma.  One  way  to  do  this  is  to  take  the  contradictory 
of  the  consequent  of  the  second  antecedent  for  the  conse¬ 
quent  of  the  first  antecedent,  and  the  contradictory  of  the 
consequent  of  the  first  antecedent  for  the  consequent  of 
the  second  antecedent,  thus  making  a  new  major  premise 
the  reverse  of  the  first.  An  example  of  this  method  of 
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constructing  a  counter  dilemma  is  to  be  found  in  Euathlus  ’ 
ans-wer  to  Protagoras,  in  the  famous  dilemma  known  as  the 
Litigiosus.  The  latter  agreed  to  teach  the  former  rhetoric 
for  a  fee,  part  of  which  was  to  be  paid  after  Euathlus  won 
his  first  suit.  But  Protagoras  brought  suit  in  order  to 
force  payment  of  the  rest  of  the  fee,  and  used  the  follow¬ 
ing  dilemmatic  argument  before  the  jury. 

If  Euathlus  loses  this  case,  he  must  pay  by  the  judgment  of 
the  court,  and  if  he  wins  it  he  ought  to  pay  by  his  own 
agreement. 

But  either  he  will  win  or  lose  this  case. 

He  ought  to  pay. 

To  rebut  this  Euathlus  constructed  the  following  counter 
dilemma,  using  the  method  stated  above : 

If  I  lose  this  case  I  ought  not  to  pay  by  my  own  agreement, 
and  if  I  win  this  case,  I  ought  not  to  pay  by  the  judg¬ 
ment  of  the  court. 

Either  I  must  lose  it  or  win  it. 

Therefore,  I  ought  not  to  pay. 

There  are  also  other  ways  in  which  a  dilemma  can  be 
rebutted.  In  fact,  any  method  which  will  establish  a  con¬ 
clusion  contradictory  to  the  conclusion  of  the  original 
dilemma,  whether  it  is  reached  by  using  the  same  or  differ¬ 
ent  premises,  is  regarded  as  a  satisfactory  rebuttal.  But 
a  valid  dilemma  cannot  be  rebutted.  Counter  dilemmas 
can  only  be  constructed  when  the  original  dilemma  is  de¬ 
fective.  Let  us,  then,  take  up  the  defects  to  which  dilemmas 
are  liable. 

The  Validity  of  the  Dilemma 

Logicians  differ  in  their  estimates  of  the  dilemma  as  a 
form  of  inference.  Some  hold  that  its  defects  are  so  nu¬ 
merous  as  to  make  it  practically  worthless.  Thus  Creigh- 
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ton  writes:  “Dilemmas,  like  all  controversial  arguments, 
are  more  often  fallacious  than  valid.”  Jevons  says  the 
same:  “Dilemmatic  arguments  are  more  often  fallacious 
than  not.”  Now  it  must  be  admitted  that  this  is  true. 
The  staunchest  friend  of  the  dilemma  must  acknowledge 
that  this  type  of  argument  is  subject  to  a  great  many 
defects. 

In  the  first  place,  in  the  cases  where  it  is  possible  to  con¬ 
struct  a  counter  dilemma,  there  are  usually  two  standards 
of  reference  involved,  and  appeal  is  made  to  each  alter¬ 
nately  in  such  a  way  as  to  cause  a  shifting  of  the  argu¬ 
ment.  “There  is  no  attempt  to  define  terms,  or  to  bring 
the  different  standards  into  relation;  the  argument  moves 
and  has  its  being  in  the  mere  limbo  of  undefined  phrases 
where  it  seems  possible  to  prove  anything,  just  because  it 
is  possible  to  prove  nothing”  (Creighton).  Thus  in  the 
Litigiosus,  each  man  appeals  to  the  judgment  of  the  court 
and  to  the  terms  of  the  agreement,  whereas  the  question 
could  only  be  decided  by  appealing  to  one  of  these  stand¬ 
ards.  Sometimes  one  standard  is  an  underlying  assump¬ 
tion,  as  in  the  famous  sophism  called  the  Liar,  Epimenides, 
the  Cretan,  said  that  all  Cretans  were  liars.  Was  he  lying 
or  telling  the  truth  ?  This  could  be  expressed  as  a  dilemma, 
somewhat  as  follows : 

If  Epimenides’  statement  is  true,  he  is  a  liar,  and  if  it  is 
false  he  is  a  liar. 

Either  it  is  true  or  it  is  false. 

He  is  a  liar. 

The  only  way  to  meet  such  arguments  is  to  insist  that 
only  one  standard  of  reference  be  used.  Either  Epimen¬ 
ides  must  be  proven  a  liar  without  appealing  to  the  judg¬ 
ment,  “All  Cretans  are  liars,”  or  that  judgment  must  be 
proven  true  without  reference  to  whether  it  was  uttered 
by  a  Cretan.  And  in  either  case,  the  double  standard  will 
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be  eliminated.  Many  seemingly  good  dilemmas  derive 
their  apparent  validity  from  this  shifting  from  one  stand¬ 
ard  to  another. 

Other  defects  to  which  dilemmas  are  liable,  are  the  fal¬ 
lacies  of  the  hypothetical  syllogism— affirming  the  conse¬ 
quent,  and  denying  the  antecedent,  and  imperfect  disjunc¬ 
tion.  As  we  saw  above,  it  is  very  difficult,  indeed,  to  find 
mutually  exclusive  and  exhaustive  alternatives.  That  is 
wThy  it  is  so  often  possible  to  escape  between  the  horns  of 
a  dilemma. 

Although  recognizing  all  these  defects  I  cannot  agree 
with  those  who  belittle  this  type  of  argument.  What  if  it 
is  often  fallacious  ?  It  is  also  sometimes  valid.  And  when 
it  is  valid  it  is  an  absolutely  invincible  form  of  argument. 
It  is  doubtful  whether  any  other  form  of  argument  has  the 
strength  of  a  valid  dilemma.  A  thorough  knowledge  of  it 
is  of  real  practical  value.  It  was  by  using  this  form  of 
reasoning  that  Lincoln  won  his  famous  debates  with  Doug¬ 
las.  Many  an  intercollegiate  debate  has  been  won  by  the 
effective  use  of  the  dilemma.  Lawyers  and  orators  use  it 
repeatedly.  Indeed,  logicians  seem  to  shy  away  from  it 
because  it  is  an  effective  rhetorical  device. 

Exercise  XI 

Construct  dilemmas  out  of  each  of  the  following  dilemmatic 
situations.  Tell  what  kind  each  is,  after  you  construct  it,  and 
point  out  at  least  one  way  in  which  each  can  be  met: 

1.  President  Wilson  had  the  Senate  in  a  dilemma,  such  that  they 
either  had  to  reject  the  peace  treaty  or  adopt  it  without 
reservations. 

2.  The  Senate  had  President  Wilson  in  a  dilemma  so  that  he  had 
to  accept  modifications  or  have  the  treaty  rejected. 

3.  In  the  course  of  the  Lincoln-Douglas  debates  a  question  was  put 
by  Lincoln  to  Douglas,  as  follows :  “Can  the  people  of  a  United 
States  territory  in  any  lawful  way,  against  the  wish  of  any 
citizens  of  the  United  States,  exclude  slavery  from  its  limits, 
prior  to  the  formation  of  a  state  constitution?”  This  question 
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involved  a  number  of  dilemmas,  for  Douglas  would  either  offend 
the  South  or  North,  whether  he  answered  yes,  or  no,  and  he 
would  either  lose  the  Presidency  or  the  Senatorship,  if  he 
offended  either  (Bode). 

4.  When  Abelard  took  charge  of  the  abbey  of  St.  Gildas  it  had 
reached  the  last  stage  of  monastic  decay.  Each  monk  had  a 
respectable  wife  and  family  on  the  monastic  estate.  The  out¬ 
lying  farms  and  cottages  were  colonized  with  the  women  and 
the  little  monklings.  They  were  rough,  ignorant,  violent  men, 
these  monks,  and  they  soon  made  it  clear  to  Abelard  that  they 
did  not  want  to  be  reformed.  The  lord  of  the  district  was 
equally  wild,  and  the  bitter  enemy  of  the  abbey,  for  he  had 
annexed  the  lands  that  belonged  by  right  to  the  monks  and 
exacted  a  heavy  tribute  from  them.  They  were  frequently  with¬ 
out  food,  and  wandered  about,  stealing  all  they  could  lay  their 
hands  on  for  the  support  of  their  wives  and  families.  They 
violently  urged  Abelard  to  fight  for  their  rights  and  find  food 
for  them,  instead  of  giving  them  his  ethereal  discourses.  And 
as  abbot  Abelard  succeeded  just  far  enough  to  embitter  the  lord 
of  the  district  lagainst  him,  without  obtaining  much  for  his 
lawless  monks.  He  found  himself  in  a  dilemma.  If  he  remained 
in  the  abbey  he  was  assailed  all  day  by  the  hungry  clamor  and 
the  brutal  violence  of  his  “subjects”;  if  he  went  abroad  the 
tyrannical  lord  threatened  to  have  him  done  to  death  by  his 
armed  retainers.  (Adapted  from  Joseph  McCabe’s  Peter 
Abelard. ) 

5.  An  abundant  stream  divides  two  limits  of  one  property  .  .  . 
and  over  this  stream  stood  a  bridge;  and  at  the  head  of  it  a 
gallows,  over  which  were  appointed  four  judges  to  decide 
according  to  the  law  established  by  the  lord  of  the  stream,  the 
bridge  and  the  territory.  The  law  ran  in  this  wise :  “If  any¬ 
one  shall  pass  over  this  bridge  from  one  side  to  the  other,  he 
must  first  swear  as  to  whence  he  comes  and  on  what  business 
he  is  bound,  and  if  he  swear  truly  he  must  be  allowed  to  go; 
but  if  he  swear  falsely  he  shall  on  that  account  die  by  hanging 
on  the  gallows  which  is  there;  and  that  without  remission  what¬ 
ever.”  This  law  and  its  stern  conditions  being  known,  many 
went  over;  and  as  soon  as  it  was  perceived  that  they  swore 
truly,  the  judges  allowed  them  to  pass  freely.  It  happened,  how¬ 
ever,  that  on  swearing  one  man,  he  took  the  oath  and  declared 
that  he  was  going  to  die  on  that  gallows,  and  that  he  had  no 
other  business.  The  judges  consulted  the  terms  of  the  oath, 
and  said,  “If  we  allow  that  man  to  go  free,  he  has  sworn  falsely, 
and  according  to  the  law  he  ought  to  die;  and  if  we  hang  him, 
the  oath  that  he  was  going  to  hang  on  that  gallows  was  true, 
and  according  to  the  same  law  he  ought  to  be  free.”  (From 
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Bon  Quixote,  quoted  by  Lafleur,  Illustrations  of  Logic,  No.  216.) 

6.  When  the  Caliph  Omar  burned  the  Alexandrian  library,  he  is 
said  to  have  justified  himself  by  saying  that  if  the  books  in  the 
library  contained  the  same  doctrines  as  the  Koran,  they  were 
unnecessary,  while  if  they  contained  doctrines  at  variance  with 
the  Koran  they  were  evil. 

7.  The  Helvetii,  if  they  went  through  the  country  of  the  Sequani, 
were  sure  to  meet  with  various  difficulties;  and  if  they  went 
through  the  Roman  province,  they  were  exposed  to  danger  of 
opposition  from  Ctesar,  but  they  were  obliged  to  go  one  way  or 
the  other  ( Jevons ) . 


CHAPTER  XIY 


FALLACIES 

The  Classification  of  Fallacies 

It  has  always  been  customary  to  close  the  exposition  of 
traditional  Aristotelian  logic  with  an  account  of  the  chief 
fallacies.  This  is  justifiable,  if  for  no  other  reason,  in 
order  to  explain  the  nomenclature  of  fallacies  so  prevalent 
in  general  literature. 

The  word  fallacy  has  been  used  in  more  senses  than  one. 
Sidgwick  distinguishes  four  meanings  of  the  term.  He 
writes:  “A  fallacy  is  used  to  mean:  (1)  a  piece  of  false 
reasoning  in  the  narrower  sense;  either  an  invalid  imme¬ 
diate  inference,  or  an  invalid  syllogism ;  a  supposed  equiva¬ 
lent  form  which  is  not  equivalent,  or  a  syllogism  which 
breaks  one  of  the  rules ;  (2)  a  piece  of  false  reasoning  in  the 
wider  sense ;  whereby  from  true  facts  a  false  conclusion  is 
inferred;  (3)  a  false  belief,  whether  due  to  correct  reason¬ 
ing  from  untrue  premises  (reasons  or  sources)  or  to  incor¬ 
rect  reasoning  from  true  ones;  (4)  any  mental  confusion 
whatever.”  All  of  these  meanings  are  important.  When 
the  one  who  commits  the  fallacy  does  it  for  the  express  pur¬ 
pose  of  deceiving  it  is  often  called  a  sophism,  and  when  it  is 
due  to  obscure  thinking  or  is  unintentional  it  is  sometimes 
called  a  paralogism.  But  frequently  these  terms  are  both 
treated  as  practically  synonymous  with  the  term  fallacy. 

It  is  exceedingly  difficult  to  make  a  satisfactory  classi¬ 
fication  of  the  fallacies  to  which  thinking  is  heir.  As  the 
great  logician,  De  Morgan,  put  it :  ‘  ‘  There  is  no  such  thing 
as  a  classification  of  the  ways  in  which  men  may  arrive  at 
error;  it  is  much  to  be  doubted  whether  there  ever  can 
be.”  And  to  this  should  be  added  a  passage  from  Joseph: 
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“If  we  are  satisfied  that  logic  should  treat  of  fallacies,  it 
is  very  difficult  to  he  satisfied  with  any  treatment  of  them. 
Truth  may  have  its  norms,  but  error  is  infinite  in  its  aber¬ 
rations,  and  they  cannot  be  digested  in  any  classification. 
The  same  inconclusive  argument  may  often  be  referred  at 
will  to  this  or  that  head  of  fallacies.  ’  ’ 1  And  he  goes  on  to 
explain  that  this  is  due  (1)  to  the  fact  that  there  are  many 
foolish  and  inconsequential  arguments  which  can  hardly 
be  characterized,  and  (2)  to  the  fact  that  the  detection  of 
some  fallacies  depends  more  on  acquaintance  with  a  par¬ 
ticular  scientific  subject  matter  than  on  general  logical 
training.  However,  it  is  essential  that  we  have  as  good  a 
classification  as  possible. 

The  earliest  discussion  of  fallacies,  that  pretends  to  give 
a  classification  is  Aristotle’s  treatise,  On  Sophistical  Dif¬ 
ficulties.  Here  he  enumerates  most  of  the  controversial 
tricks  used  by  the  sophists  of  his  day.  He  uses  the  method 
of  dichotomy  to  arrange  these  tricks  of  the  sophist’s  trade 
into  a  kind  of  system,  basing  the  division  on  the  principle 
of  language.  That  is  to  say,  he  had  two  main  divisions, 
one  consisted  of  the  fallacies  that  are  due  to  language  (in 
dictione),  and  the  other  of  those  which  are  not  ( extra 
dictionem).  Under  these  two  heads  he  deals  with  thirteen 
different  fallacies,  six  under  the  former  and  seven  under 
the  latter.  We  shall  take  up  most  of  these  later.  The 
chief  defect  in  Aristotle’s  classification  is  that,  being  based 
on  the  method  of  dichotomy,  it  does  not  lay  down  a  posi¬ 
tive  characterization  of  the  second  group. 

For  this  reason  it  seems  best  to  adopt,  with  some  modi¬ 
fications,  the  classification  of  modem  logicians.  It  is  set 
forth  in  Table  YI. 


i  Loco  citato,  p.  569.  The  sentence  from  De  Morgan  is  quoted  by 
Joseph  on  the  same  page  (note). 
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I. 


Table  VI.  Classification  of  Fallacies 


Verbal : 

1.  Amphiboly 

2.  Accent  and  special 
pleading 


II.  Logical : 

A.  Formal : 

3.  Illogical  conversion 

and  obversion 

4.  Four  terms  (ambig¬ 

uous  middle) 

5.  Undistributed  mid¬ 

dle 

6.  Illicit  major 

7.  Illicit  minor 

8.  Negative  premises 

9.  Denying  antecedent 

10.  Affirming  conse¬ 

quent 

11.  Imperfect  disjunc¬ 

tion 

(a)  alternatives  not 
exhaustive 

( b )  alternatives  not 
mutually  exclu¬ 
sive 

12.  Dilemmatic  fallacy 

(Shifting  use  of 
standards) 

B.  Material : 

(I)  Equivocation: 

(a)  Whole  and  Part: 

13.  Composition 

14.  Division 

(b)  Essence  and  accident: 

15.  Accident 

16.  Converse  fallacy  of 
accident 

(II)  Presumption: 

(a)  Circularity: 

17.  Begging  the  ques¬ 
tion 

18.  Complex  question 

(b)  Conclusion: 

19.  Irrelevant  conclu¬ 
sion 

20.  Non-sequitur 
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This  arrangement  gives  twenty  fallacies.  Many  of  these 
have  already  been  sufficiently  dealt  with  above,  so  that  I 
shall  only  take  up  here  those  which  have  not  already  been 
explained.  These  come  under  three  headings :  (1)  verbal 

fallacies,  (2)  fallacies  of  equivocation,  and  (3)  fallacies  of 
presumption. 

Verbal  Fallacies 

1.  Amphiboly.  This  is  the  fallacy  which  arises  when  a 
proposition  is  stated  so  that  it  is  capable  of  two  conflicting 
interpretations.  This  may  be  due  to  the  grammatical 
construction  or  it  may  be  due  to  figures  of  speech,  espe¬ 
cially  metaphors.  It  is  not  as  common  in  English  as  in 
languages  like  Latin  and  Greek.  An  interesting  example  is : 

The  Duke  yet  lives  that  Henry  shall  depose. 

— Henry  VI,  Pt.  II,  Act  I,  Sc.  IV. 

which  may  mean  that  the  Duke  will  depose  Henry  or  that 
Henry  will  depose  the  Duke.  The  oracle  is  said  to  have 
answered  Croesus’  inquiry  as  to  how  his  military  expedi¬ 
tion  against  the  Persians  would  fare,  with  the  saying:  “If 
Croesus  should  wage  war  against  the  Persians  he  would 
destroy  a  mighty  empire.”  No  matter  which  of  the  two 
empires  happened  to  be  destroyed,  defenders  of  the  oracle 
could  claim  truth  for  the  oracular  response  given  to 
Croesus.  Most  responses  of  soothsayers  and  prophets  are 
put  so  that  they  are  capable  of  two  interpretations.  This 
is  the  trick  which  modem  mediums  frequently  employ  in 
reporting  supposed  sayings  of  “spirits.”  Note  that  am¬ 
phiboly  is  an  ambiguous  sentence  and  not  an  ambiguous 
term,  such  as  we  have  in  the  fallacy  of  ambiguous  middle, 
and  with  which  we  have  already  dealt  as  one  of  the  formal 
fallacies  of  the  syllogism. 

2.  Accent  and  Special  Pleading.  According  to  Aristotle, 
the  fallacy  of  accent  is  a  fallacy  in  the  meaning  of  a  word 
when  differently  accented.  But  modern  logicians,  follow- 
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ing  the  lead  of  De  Morgan,  extend  it  to  cover  cases  where 
a  writer  italicizes  a  word,  phrase  or  sentence  in  a  passage 
quoted  from  another  in  such  a  way  as  to  change  the  em¬ 
phasis  and  mislead  the  reader.  Similarly  a  quotation  may 
omit  qualifying  words  or  phrases  and  give  an  erroneous 
impression  of  the  author’s  meaning.  But  the  fallacy  of 
accent  has  also  been  extended  to  take  in  the  fallacy  known 
as  special  pleading — emphasizing  the  parts  of  a  subject 
matter  or  those  arguments  for  or  against  a  theory  which 
are  favorable  to  your  own  position,  and  omitting  the  parts 
which  are  unfavorable  to  it.  Recently,  I  heard  a  well- 
known  socialist  lecturer  deliver  an  address  on  the  Puri¬ 
tans  in  which  he  emphasized  to  the  extreme  their  vices,  and 
omitted  altogether  their  virtues.  This  is  vicious  special 
pleading.  It  is  a  characteristic  device  of  the  demagogue, 
the  propagandist,  the  religious  sectarian  and  the  partisan 
politician.  Perhaps  the  best  definition  of  special  pleading 
would  be :  Telling  that  part  of  the  truth  which  is  favor¬ 
able  to  your  own  position  and  that  part  which  is  unfav¬ 
orable  to  your  opponent,  and  keeping  as  mum  as  an  oyster 
about  that  part  of  the  truth  which  is  unfavorable  to  your 
own  position  and  that  part  which  is  favorable  to  your  op¬ 
ponent.  This  wrily  method  of  lying  is  the  modernized 
form  of  the  fallacy  of  accent.  But  it  must  be  admitted 
that  special  pleading  is  rather  a  material  than  a  verbal 
fallacy. 

Fallacies  of  Equivocation 

These  fallacies  are  included  by  Aristotle  with  the  ones 
just  considered  as  fallacies  in  dictione  or  verbal  fallacies, 
but  they  seem  to  involve  the  content  of  thought  rather  than 
the  mere  verbal  expression,  and  for  that  reason  modern 
logicians  treat  them  as  material  fallacies.  The  word  equiv¬ 
ocation  is  sometimes  used  in  the  broad  sense  to  mean 
ambiguity  of  any  sort,  but  it  is  here  used  in  the  narrow 
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sense  in  which  the  two  fundamental  categories  or  relations 
of  whole  and  part  and  essence  and  accident  lead  to  con¬ 
fusion  of  thought  when  an  object  is  interpreted  by  means 
of  them.  A  misapplication  of  the  first  of  these  relations 
gives  rise  to  the  two  fallacies — composition  and  division, 
and  a  false  use  of  the  second  to  the  two  fallacies — accident 
and  the  converse  fallacy  of  accident. 

1.  Composition  and  Division.  These  fallacies  are  recip¬ 
rocally  converse.  The  former  means  assuming  something 
to  be  true  of  a  whole  which  in  reality  is  only  true  of  some 
or  all  of  the  parts  taken  separately.  For  instance,  it  might 
be  argued  that  a  certain  army  is  stronger  than  it  really 
is  on  the  ground  that  each  unit  is  known  to  be  very  strong 
taken  by  itself.  For  it  frequently  happens  that  units  that 
are  strong  when  left  to  themselves,  become  weaker  or  even 
demoralized  when  thrown  with  others  without  proper 
coordination  and  integration.  Consider  also  the  false  as¬ 
sumption  that  a  football  team  must  be  strong  because  most 
of  the  individual  players  are  known  to  be  star  players. 
Here  the  value  of  the  indefinable  teamwork  is  wholly  ig¬ 
nored.  No  matter  how  good  the  individual  players  may 
be  the  team  as  a  whole  is  certain  to  be  weak  without 
teamwork.  The  fallacy  of  composition  usually  results 
from  overlooking  that  element  in  the  whole  which  is  not 
present  in  any  of  the  parts  taken  separately.  For  that 
general  character  of  the  whole  may  be,  and  usually  is, 
quite  different  from  the  individual  characteristics  of  the 
members  of  the  whole  which  is  in  question. 

For  the  same  reason,  to  infer  that  a  general  character 
of  the  whole  must  also  be  a  character  of  every  member  in 
that  whole  is  to  commit  the  fallacy  of  division.  The  fact 
that  a  given  football  team  is  an  excellent  team  does  not 
justify  the  inference  that  every  man  on  that  team  is  an 
excellent  player.  Many  excellent  football  teams  contain 
some  mediocre  players. 
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The  whole  has  characteristics  of  its  own  and  so  have  the 
individual  members  of  it.  Mixing  the  two  up  is  the  fal¬ 
lacy  of  whole  and  part  either  in  the  form  of  composition 
or  in  the  form  of  division.  Logically  we  are  not  justified 
in  concluding  that  individual  characteristics  are  also  char¬ 
acteristics  of  the  composite  whole.  To  do  so  would  be  to 
commit  the  fallacy  of  composition.  Nor  can  we  conclude 
that  characteristics  of  the  whole  must  necessarily  be  pos¬ 
sessed  by  every  member  of  the  wdiole.  To  do  so  would  be 
to  commit  the  fallacy  of  division.  Let  the  student  show 
what  the  conclusion  in  each  case  would  be  in  the  follow¬ 
ing:  Psychologists  are  generally  agreed  that  group  judg¬ 
ments  are  more  likely  to  be  true  than  individual  judg¬ 
ments.  By  “a  group  judgment”  is  meant  a  collective  or 
combined  verdict  reached  by  several  individuals  working 
together  as  in  a  jury,  and  by  “an  individual  judgment”  is 
meant  the  verdict  of  a  single  individual  in  such  a  group. 

2.  Accident  and  the  Converse  Fallacy  of  Accident.  The 
best  way  to  understand  the  two  fallacies  of  accident  is  to 
think  of  them  as  arising  from  a  confusion  of  essential  and 
accidential  features  in  an  object  or  situation.  The  best 
definition  of  them  is  treating  accidental  as  essential  fea¬ 
tures.  Essential  features  of  an  object  or  situation  consti¬ 
tute  it,  and  are,  therefore,  always  present  in  every  object 
or  situation  of  that  kind.  But  accidental  features  may  or 
may  not  be  present. 

Some  accidental  features,  however,  are  almost  always 
present.  Only  occasionally  do  special  conditions  enter  in 
to  prevent  their  being  present.  Now  to  assert  that  one  of 
these  general  accidental  features  will  always  be  present, 
even  in  cases  where  there  are  special  modifying  conditions, 
is  to  commit  the  fallacy  of  accident.  Thus  your  liking  a 
good  joke  does  not  prove  that  you  enjoy  one  on  yourself. 
Whenever  something  is  said  about  an  object  or  situation 
without  any  qualification  whatever,  whereas  the  assertion 
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in  question  requires  qualification,  this  fallacy  is  committed. 
Thus  the  argument  that  because  children  should  be  required 
to  practice  music  each  day  a  sick  child  should  be  required 
so  to  do  would  be  an  example  of  this  fallacy.  Or  the  argu¬ 
ment  that  a  particular  blind  and  crippled  horse  must  be 
valuable  because  horses  are  valuable  domestic  animals  would 
also  exemplify  it. 

The  converse  form  of  this  fallacy  argues  that  those  acci¬ 
dental  features  of  an  object  or  situation  which  only  apply 
under  very  special  conditions  are  true  under  all  circum¬ 
stances  whatsoever,  regardless  of  whether  the  limiting  con¬ 
ditions  are  present.  Statements  whose  validity  depends 
on  special  conditions  cannot  be  held  true  in  cases  where 
such  restrictions  are  absent.  An  example  of  this  fallacy 
would  be  the  argument  that  narcotics  are  valuable  for  indi¬ 
viduals  in  normal  health,  because  they  are  sometimes  used  as 
medicine  for  the  sick.  Or  it  might  be  argued  that,  because 
card  playing  is  an  interesting  and  harmless  way  to  pass 
time  on  a  voyage  or  in  a  social  gathering,  therefore  no  one 
should  object  to  people  spending  all  of  their  leisure  hours  at 
cards.  It  is  a  sign  of  moral  debility  to  be  such  a  slave  to  the 
use  of  narcotics  as  to  have  to  justify  their  use  by  such  an 
argument  as  the  one  just  given.  And  it  is  a  mark  of 
extreme  superficiality  not  to  be  able  to  enjoy  leisure  in  any 
way  except  at  cards.  The  fallacy  of  accident  in  one  or  the 
other  of  its  forms  usually  vitiates  the  arguments  we  use  to 
justify  acts  we  know  to  be  morally  wrong. 

Fallacies  of  Presumption 

Presumption  means  taking  something  for  granted  with¬ 
out  attempting  to  prove  it,  or  without  even  being  conscious 
of  or  acknowledging  that  it  has  been  presumed.  Some¬ 
times  the  conclusion  is  really  assumed  in  the  premises. 
This  is  called  circularity,  or  arguing  in  a  circle.  Some¬ 
times  the  conclusion  is  assumed  to  be  the  cogent  conclusion 
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which  the  disputant  wants  whereas  it  is  really  something 
else.  There  are  two  forms  of  each  kind  of  presumptive 
fallacy.  The  two  fallacies  of  circularity  are  begging  the 
question  or  petitio  principii  and  complex  question,  and  the 
two  fallacies  of  the  conclusion  are  irrelevant  conclusion  or 
ignoratio  elenchi  and  non-sequitur. 

1.  Begging  the  Question.  The  usual  interpretation  of 
this  fallacy  defines  it  as  the  taking  of  something  for  granted 
which  is  just  as  uncertain  or  unproved  as  the  proposition 
it  is  used  to  establish.  In  a  controversy,  using  as  a  prem¬ 
ise  what  your  opponent  will  not  admit,  or  has  not  been 
forced  to  admit,  is  considered  a  commission  of  this  fallacy. 
If  anything  is  assumed  which  involves  what  is  to  be  proved 
the  fallacy  of  begging  the  question  results.  Thus  one  might 
argue  that  Shakespeare  had  a  classical  education  from  the 
internal  evidence  of  his  works.  Another  example  is  the 
following:  “To  maintain,  as  Sir  Wyville  Thomson  does, 
that  thirty-two  degrees  is  the  temperature  of  the  floor  on 
which  the  Antarctic  ice  sheet  rests,  is  virtually  to  beg  the 
question”  (J.  Croll). 

A  special  form  of  petitio  principii  is  known  as  vicious 
circle  or  argument  in  a  circle — circulus  in  probanda.  Here 
two  or  more  equally  unproved  assumptions  or  their  equiva¬ 
lents  are  used  to  prove  each  other.  When  there  are  few 
intervening  propositions  between  the  two  unproved  as¬ 
sumptions  the  circle  is  narrow,  and  the  fallacy  is  obvious, 
but  where  there  are  many  intermediate  steps  the  circle  is 
wide  and  the  fallacy  is  exceedingly  difficult  to  detect. 
“For  instance,  if  any  one  argues  that  you  ought  to  submit 
to  the  guidance  of  himself,  or  his  leader,  or  his  party,  etc., 
because  these  maintain  what  is  right,  and  then  argues  that 
what  is  so  maintained  is  right,  because  it  is  maintained  by 
persons  whom  you  ought  to  submit  to ;  and  that  these  are 
himself  and  his  party ;  or  again,  if  any  one  maintains  that 
so  and  so  must  be  a  thing  morally  wrong,  because  it  is 
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prohibited  in  the  moral  portion  of  the  Mosaic  law,  and 
then,  that  the  prohibition  of  it  does  form  a  part  of  the 
moral  portion  of  that  law,  because  it  is  a  thing  morally 
wrong — either  of  these  would  be  too  narrow  a  circle  to 
escape  detection,  unless  several  intermediate  steps  were 
interposed.”  2 

2.  Complex  Question.  This  is  petitio  principii  in  the 
form  of  a  question  which  takes  something  for  granted. 
Titles  of  magazine  articles  or  books  sometimes  take  this 
form.  Thus  two  recently  published  books  have  the  titles : 
Can  the  Church  Survive  the  Changing  Order?  and,  What 
and  Where  Is  God?  The  former  assumes  that  there  is  a 
catastrophic  changing  order  of  society  in  which  the  church 
is  likely  to  be  swept  away.  The  latter  assumes  that  God 
is  a  thing  which  is  in  some  place.  The  question,  “Who  Is 
God?”  assumes  God  to  be  a  person  instead  of  a  thing. 

Lawyers  sometimes  make  effective  use  of  complex  ques¬ 
tions  in  cross-examining  witnesses.  Amusing  examples  of 
this  fallacy  are  such  popular  pleasantries  as,  “Have  you 
lost  your  horns  ”  ? ;  ‘  ‘  Have  you  given  up  drinking  moon¬ 
shine?”;  and,  “Have  you  stopped  beating  your  wife?” 

Now  let  us  take  up  the  two  presumptive  fallacies  which 
have  to  do  with  the  conclusion. 

1.  Irrelevant  Conclusion.  This  fallacy  occurs  when,  in 
disputation,  one  proves  a  conclusion  which  is  not  relevant 
to  the  argument.  It  may  be  valid  in  the  sense  that  it  really 
follows  from  the  premises,  but  it  is  not  germane,  and  does 
not  touch  the  real  point  at  issue  in  the  controversy.  It  is 
a  device  resorted  to  by  debaters  to  mislead  an  opponent 
and  draw  him  away  from  his  really  strong  points,  thus 
causing  him  to  waste  his  time.  Any  one  who  does  this 
is  said  to  be  guilty  of  befogging  the  issue.  An  argument 
which  befogs  the  issue  is  best  rebutted  by  briefly  pointing 
out  that  it  is  beside  the  point.  Such  an  argument  need 


2  Whately,  Elements  ( 9th  ed. ) ,  p.  222. 
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not  be  met  on  its  merits  until  its  relevancy  to  the  problem 
under  consideration  is  established. 

Several  forms  of  the  fallacy  of  irrelevant  conclusion 
require  separate  brief  discussion.  The  terminology  used 
to  name  each  type  is  best  understood  by  its  relation  to  the 
expression  argumentum  ad  rem,  which  means  an  argument 
that  is  to  the  point. 

(a)  The  argumentum  ad  hominem  is  an  argument  di¬ 
rected  against  the  person  advancing  a  thesis  instead  of 
against  the  thesis  itself.  Thus  lawyers  who  are  called  to 
defend  a.  rascal,  knowing  that  they  have  no  real  case,  fre¬ 
quently  resort  to  the  practice  of  abusing  before  the  jury 
the  attorney  who  is  prosecuting  their  client.  Politicians 
sometimes  attack  an  opponent’s  character  instead  of  the 
principles  or  policies  for  which  he  stands. 

(5)  The  argumentum  ad  populum  and  the  argumentum 
ad  misericorddam  are  appeals  to  popular  passions,  feelings 
and  prejudices  or  to  popular  sympathy  instead  of  using 
cold  reason  to  defend  a  position.  The  speech  of  Mark 
Antony  over  the  dead  body  of  Cassar,  in  Shakespeare’s 
Julius  Caesar,  is  an  excellent  example.  That  this  trick  is 
a  very  ancient  one  is  shown  by  Socrates’  statement  in  his 
famous  defense  before  the  Athenian  judges,  as  given  in 
Plato’s  Apology:  “Perhaps  there  may  be  some  one  who 
is  offended  at  me,  when  he  calls  to  mind  how  he,  himself, 
on  a  similar  or  even  a  less  serious  occasion,  prayed  and 
entreated  the  judges  with  many  tears,  and  how  he  produced 
his  children  in  court,  which  wras  a  moving  spectacle,  to¬ 
gether  with  a  host  of  relations  and  friends ;  whereas  I,  who 
am  probably  in  danger  of  my  life,  will  do  none  of  these 
things.” 

(c)  The  argumentum  ad  ignorantiam  is  an  attempt  to 
prove  a  position  negatively  by  showing  that  its  opposite 
is  an  absurdity  or  an  impossibility  or  very  undesirable. 
Some  of  the  arguments  in  defense  of  the  League  of  Na- 
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tions,  for  example,  consist  in  pointing  out  the  absurdity 
and  the  stupidity  of  war. 

( d )  The  argumentum  ad  verecundiam  is  an  argument 
which  claims  a  proposition  or  belief  should  he  accepted 
because  it  has  been  held  by  some  highly  revered  person  or 
institution.  Thus  all  propagandists  like  to  show  that  their 
views  are  Christian.  Pacifist  arguments  are  a  conspicu¬ 
ous  example.  Sectarians  or  partisans  often  argue  that 
people  should  join  their  particular  sect  or  party  because 
Garfield  or  Lincoln  or  Washington  belonged  or  advocated 
the  views  in  question.  Some  attacks  on  the  League  of 
Nations  took  the  form  of  pointing  out  a  conflict  between 
our  entering  the  League  and  Washington’s  famous  policy 
of  isolation.  This  fallacy  is  the  vice  which  permeates  the 
method  of  proving  things  by  the  results  of  a  questionnaire. 
Thus  it  has  recently  been  argued  that  the  belief  in  immor¬ 
tality  and  the  belief  in  a  personal  God  are  dying  out  be¬ 
cause  a  large  per  cent  of  the  answers  from  a  group  of 
scientists,  who  were  asked  whether  they  held  these  beliefs, 
were  negative.  There  is  practically  no  value  in  such  argu¬ 
ments.  In  nearly  every  case  they  are  pure  propaganda. 

2.  Non-sequitur.  This  fallacy  is  an  argument  in  which 
the  conclusion  is  not  only  irrelevant  to  the  point  at  issue, 
but  is  also  invalid  in  the  sense  that  it  does  not  even  follow 
from  the  premises.  The  most  vicious  form  of  non-sequitur 
is  to  infer  that  a  certain  proposition  or  theory  has  been 
refuted  because  some  argument  in  favor  of  it  has  been 
exploded.  Thus  critics  of  theism  or  the  belief  in  a  per¬ 
sonal  God  have  argued  that  because  no  single  argument 
proves  the  existence  of  God,  that  therefore  there  is  no  God. 
The  different  arguments  may  mutually  support  each  other 
whether  any  one  by  itself  is  conclusive  or  not.  And  even 
though  none  of  the  arguments  prove  the  existence  of  God, 
to  refute  the  arguments  is  not  a  sufficient  proof  that  there 
is  no  God.  There  may  possibly  be  one  even  though  no 
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absolute  proof  can  be  found.  The  same  is  true  of  attacks 
like  those  of  Mr.  Bryan  on  such  a  scientific  theory  as  or¬ 
ganic  evolution.  What  if  it  is  possible  to  show  that  some 
of  the  arguments  in  support  of  it  are  unreliable  or  even 
absurd  ?  It  remains  true  that  others  are  very  cogent.  Mr. 
Bryan  attacks  the  weak,  and  passes  over  the  strong  argu¬ 
ments,  and  imagines  that  he  has  refuted  the  theory  of 
organic  evolution ;  thereby  giving  us  an  excellent  illustra¬ 
tion  of  the  logical  fallacy  of  non-sequitur . 

Exercise  XII 

I.  What  fallacy  is  exemplified  by  each  of  the  following?: 

(а)  Good  dogs  are  good  household  pets,  therefore  good  fighting 
dogs  are  good  household  pets. 

(б)  Every  one  desires  to  be  educated. 

Ministers  are  educated,  and  therefore  every  one  desires  to  be  a 
minister. 

(c)  Senator  Lodge  is  a  distinguished  and  able  man,  and  since  he 
believes  in  the  modification  of  the  treaty  of  Versailles,  that 
treaty  should  be  modified. 

(d)  MeGraw  says  New  York  will  certainly  have  a  championship 
team  this  year,  because  he  has  gathered  together  a  number 
of  spectacular  players. 

(e)  It  has  been  held  that  the  reason  that  volcanoes  throw  up  mol¬ 
ten  rock  is  that  the  center  of  the  earth  is  a  molten  mass. 

(/)  Prohibition  is  surely  a  good  thing  for  the  country,  because 
many  distinguished  men  favor  it,  such  as  Mr.  Bryan. 

(g)  The  water  in  the  geysers  of  the  Yellowstone  National  Park 
is  hot,  because  it  passes  over  hot  rocks  before  coming  to  the 
surface. 

( h )  If  you  will  purchase  Russian  rubles  now  you  will  become 
a  millionaire  when  the  ruble  returns  to  par. 

(i)  The  following  remark  was  made  at  table:  “I  believe  I’ll 
leave  myself.” 

(;')  Men  ought  not  to  swear  because  it  is  morally  wrong.  It  is 
morally  wrong  because  it  is  contrary  to  the  moral  law,  and 
it  is  contrary  to  the  moral  law  because  it  violates  a  command 
of  the  Scripture.  It  is  contrary  to  Scripture  because  it  is 
contrary  to  the  will  of  God,  and  we  know  that  everything 
that  is  morally  wrong  is  contrary  to  the  will  of  God. 

( k )  Chief  Justice  Taft,  in  his  dissenting  opinion,  in  the  case  of 
the  Minimum  Wage  Board  of  the  District  of  Columbia,  points 
put  a  fallacy  in  the  opinion  of  the  Supreme  Court  from  which 
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he  dissents:  “With  deference  to  the  very  able  opinion  of 
the  Court  and  my  brethren  who  concur  in  it,  it  appears  to  me 
to  exaggerate  the  importance  of  the  wage  term  of  the  con¬ 
tract  of  employment  as  more  inviolate  than  its  other  terms. 
Its  conclusion  seems  influenced  by  the  fear  that  the  concession 
of  power  to  impose  a  minimum  wage  must  carry  with  it 
a  concession  of  the  power  to  fix  a  maximum  wage.” 

( l )  Is  Cuno,  like  the  Kaiser,  jinxed  by  first  name?  (newspaper 
headline) . 

(m)  Uneducated  people  are  a  burden  to  the  community,  and  for 
that  reason  we  should  have  more  schools  and  colleges  for  the 
education  of  the  people. 

( n )  Morphine  produces  sleep,  because  it  is  an  anodyne  (Coppee). 

(o)  Alfred  the  Great  must  have  been  a  scholar,  because  he  founded 
the  University  of  Oxford  (Coppee). 

(p)  All  the  peaches  in  this  field  are  worth  one  hundred  dollars, 
and  since  this  is  one  of  the  peaches  in  this  field,  it  is  worth 
one  hundred  dollars  ( Coppee ) . 

(q)  Some  writers,  having  kept  a  given  form  of  bacterium  under 
observation  with  the  microscope  for  some  weeks,  during  which 
it  grew  and  multiplied  without  change  of  form,  have  un¬ 
reasonably  put  forward  the  conclusion  that  such  change 
never  occurs,  either  in  this  or  any  other  bacterium,  even 
when  exposed  to  new  conditions  of  nourishment  and  environ¬ 
ment  not  tested  by  them  ( Outline  of  Science). 

(r)  The  Minimum  visible  is  the  least  magnitude  which  can  be 
seen:  no  part  of  it  alone  is  visible,  and  yet  all  parts  of  it 
must  affect  the  mind  in  order  that  it  may  be  visible,  therefore, 
every  part  of  it  must  affect  the  mind  without  being  visible 
( Jevons) . 

(s)  An  orator,  on  being  hissed,  retorted:  “There  are  only  two 
animals  that  hiss,  classify  yourselves.”  What  fallacy  did  he 
commit  ? 

2.  Point  out  the  misinterpretations  to  which  the  following  sen¬ 
tences  might  be  liable.  Wrhat  kind  of  fallacy  is  exemplified  by 
each? 

(a)  He  went  to  Columbus,  and  then  to  Cleveland  by  the  express 
train. 

(&)  Did  you  make  a  long  speech  at  the  meeting  of  the  League  to 
Enforce  Peace? 

(c)  How  much  is  five  times  seven  and  nine? 

(d)  Will  Eugene  V.  Debs  become  the  first  president  of  the  United 
Soviets  of  America? 

(e)  Would  Cleveland  Bergdoll  have  been  a  pacifist  in  Germany? 
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THE  GENERAL  NATURE  OF  INDUCTION 

Definition  of  Terms 

The  terms  induction  and  scientific  method  or  methodol¬ 
ogy  are  both  highly  ambiguous.  For  instance,  the  term 
scientific  method  means  to  the  animal  psychologist  the 
method  of  trial  and  error,  to  the  sociologist,  the  economist 
and  the  educational  psychologist  the  statistical  method, 
while  to  the  physicist  and  the  chemist  it  means  experimen¬ 
tation.  And,  as  we  shall  presently  see,  there  is  a  corre¬ 
sponding  difference  among  logicians  in  their  conception  of 
induction.  Then,  too,  a  like  diversity  of  opinion  exists  in 
interpreting  the  relation  between  scientific  method  and 
induction.  Some  logicians  treat  them  as  synonymous  terms, 
while  others  would  differentiate  them.  In  this  textbook 
they  are  used  as  synonymous,  and  the  whole  of  Part  II 
will  be  devoted  to  an  explanation  of  what  they  mean. 
This  chapter  is  an  introduction  to  what  follows.  It  will 
take  the  form  of  an  exposition  of  the  three  more  or  less 
conflicting  theories  of  the  general  nature  of  induction  or 
methodology.  While  the  term  induction  was  used  by  Aris¬ 
totle,  and  a  certain  form  of  inductive  procedure  was  rec¬ 
ognized  by  the  medieval  schoolmen,  inductive  logic  in  the 
modern  sense  of  the  word  really  began  as  an  explanation 
of  the  thought  processes  employed  in  making  the  discov¬ 
eries  of  the  exact  experimental  sciences.1 

In  order  to  make  the  discussion  of  the  three  theories  of 
induction  intelligible  a  few  technical  terms  must  first  be 

i  This  development  of  methodology  is  sketched  below  in  Ch.  XXV, 
p.  338.  It  is  recommended  that  the  account  there  given  be  read 
before  proceeding  with  this  chapter. 
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defined.  The  word  phenomenon  (plural,  phenomena),  is 
quite  generally  used  by  logicians  to  mean  any  fact  what¬ 
ever,  be  it  event,  thing,  attribute,  property,  principle,  or 
law,  providing  it  can  be  investigated  scientifically  or  used 
as  an  element  in  a  complete  theory.  Frequently  the  gen¬ 
eral  problem  under  investigation  in  a  particular  scientific 
inquiry  is  referred  to  as  the  phenomenon.  Then  any  unit 
used  in  the  study  of  the  problem  is  referred  to  as  an  in-__ 
stance  of  the  phenomenon,  and  instances  may  be  either 
positive  or  negative,  according  to  whether  the  phenomenon 
is  present  or  absent.  Sometimes  instances  of  a  given  phe¬ 
nomenon  are  themselves  spoken  of  as  phenomena.  Then 
they  are  the  phenomena  of  the  more  general  phenomenon. 
The  context  in  each  case  will  make  clear  the  sense  in  which 
the  word  phenomenon  is  used.  To  illustrate,  suppose  a 
scientist  is  investigating  the  cause  of  a  certain  color,  for 
example,  mother-of-pearl.  This  color  or  the  cause  of  the 
color  is  the  phenomenon  under  investigation.  Now  any 
object  having  the  color  is  said  to  be  a  positive  instance, 
and  the  same  object  without  the  color  a  negative  instance 
of  the  phenomenon.  Both  positive  and  negative  instances 
are  frequently  bunched  together  as  phenomena  or  data. 
Then  they  are  said  to  be  the  phenomena  or  data  of  the 
phenomenon,  i.  e.,  color  of  mother-of-pearl.  The  term  data 
is  preferable  because  it  avoids  a  double  use  of  the  term 
phenomenon,  but  both  expressions  are  current. 

Every  inductive  inquiry  starts  with  concrete  facts — 
with  instances  of  some  definite  phenomenon — and  seeks  to 
discover  and  formulate  a  general  principle  or  law  to  inter¬ 
pret  these  facts.  All  logicians  agree  in  holding  that  induc¬ 
tion  is  the  reverse  of  deduction.  In  deduction,  with  which 
we  were  dealing  throughout  Part  I,  the  logician  is  con¬ 
cerned  with  the  relation  between  a  conclusion  and  its 
premises.  The  truth  of  the  generalization  or  universal 
proposition  which  is  used  as  a  premise  is  not  in  question, 
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but  is  simply  assumed.  The  premises  are  taken  for  granted. 
Deductive  logic  is  interested  primarily  in  what  it  can  get 
out  of  these  assumed  premises,  by  applying  the  rules  of 
logic  and  drawing  conclusions  which  are  consistent  with 
those  rules.  The  rules  themselves  go  back  to  the  laws  of 
thought,  and  constitute  with  these  laws  the  set  of  postulates 
on  which  traditional  logic  is  based.  But  every  logician 
agrees  in  treating  inductive  logic  as  the  reverse  process  of 
getting  valid  generalizations  or  universal  propositions 
which  can  serve  as  premises.  Starting  with  concrete  facts 
— data,  phenomena — induction  asks:  “How  can  a  general 
law,  universally  valid,  be  obtained  from  these  facts?” 
From  a  few  instances  of  falling  bodies,  how  can  we  reach 
the  proposition,  “All  material  bodies  gravitate”? 

This  gap  between  a  few  instances  of  a  phenomenon  and 
all  instances  seems  to  be  bridged  in  an  inductive  generaliza¬ 
tion.  But  how  is  it  bridged?  Or,  to  change  slightly  the 
figure,  what  justifies  the  so-called  “ inductive  leap”?  If 
induction  is  the  process  of  drawing  a  general  or  universal 
conclusion  from  particular  cases,  or  relatively  few  in¬ 
stances,  what  is  the  justification  for  making  this  inductive 
leap  ?  Here  is  the  real  problem  of  induction,  and  according 
to  the  way  it  is  answered  we  get  entirely  different  theories 
as  to  the  nature  of  induction. 

However,  before  taking  up  the  three  most  important 
theories,  a  warning  must  be  given  against  being  misled 
by  the  statement  that  induction  is  the  reverse  of  deduction. 
The  two  ways  of  proceeding  are  not  antagonistic,  hut  sup¬ 
plementary.  Deduction  is  really  present  in  all  inductive 
inferences  in  the  form  of  some  covert  assumption  as  to 
the  nature  of  the  real  world.  To  be  sure,  we  must  be  on 
our  guard  against  restricting  deduction  to  syllogistic  rea¬ 
soning.  But  it  is  essential  that  the  student  keep  in  mind 
throughout  the  study  of  inductive  inference  that  it  is 
really  only  another  aspect  of  deduction  taken  in  the  broad- 
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est  sense  of  the  word.  Or,  to  express  the  matter  more 
exactly :  Every  thought  process  is  really  both  deductive 
and  inductive,  and  can  be  exhibited  either  as  a  deduction 
or  as  an  induction  according  to  the  point  of  view  used  in 
interpreting  it.  In  the  next  chapter  we  shall  deal  with 
the  basic  assumption  of  induction.  Now  let  us  consider 
the  three  chief  theories. 

The  Enumerative  Theory  of  Induction 

One  form  of  this  theory  of  induction  is  called  induction 
by  simple  enumeration.  It  is  the  process  of  formulating 
a  generalization  on  the  basis  of  an  enumeration  of  several 
or  at  least  of  a  relatively  large  number  of  positive  instances. 
It  was  the  type  of  induction  recognized  by  the  scholastic 
logicians  and  justly  condemned  by  Bacon  as  “puerile,  pre¬ 
carious,  and  exposed  to  danger  from  contradictory  in¬ 
stances.”  But  although  Bacon  and  his  contemporaries 
effectively  disposed  of  the  enumerative  type  of  induction 
as  represented  by  the  scholastic  logicians,  another  form  of 
this  theory  is  still  in  very  good  repute  among  logicians. 
This  form  takes  account  of  negative  or  contradictory  in¬ 
stances,  thus  evading  Bacon's  criticism.  It  holds  that  the 
justification  of  the  inductive  leap  is  the  enumeration  of 
many  cases  in  which  the  generalization  holds,  plus  the 
failure  to  find  cases  in  which  it  does  not  hold.  The  inclu¬ 
sion  of  negative  instances  greatly  strengthens  the  enumer¬ 
ative  theory  of  induction. 

Since  it  takes  account  of  negative  instances,  this  form 
of  enumerative  induction  may  be  called  induction  by  com¬ 
plex  enumeration  to  distinguish  it  from  induction  by  simple 
enumeration.  It  was  advocated  by  the  distinguished  lo¬ 
gician,  Stanley  Jevons,  whose  voluminous  work  entitled 
The  Principles  of  Science  is  one  of  the  most  valuable  con¬ 
tributions  ever  made  to  scientific  methodology.  He  dis¬ 
tinguishes  two  kinds  of  induction,  both  of  which  are  enum- 
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erative.  “An  induction  is  called  perfect  when  all  the  pos¬ 
sible  cases  or  instances  to  which  the  conclusion  can  refer 
have  been  examined  and  enumerated  in  the  premises.  If, 
as  usually  happens,  it  is  impossible  to  examine  all  cases, 
since  they  may  occur  at  future  times,  or  in  distant  parts 
of  the  eaith,  or  other  regions  of  the  universe,  the  induction 
is  called  imperfect.”  And  he  adds:  “It  must  be  carefully 
remembered  that  no  imperfect  induction  can  give  a  cer¬ 
tain  conclusion.  It  may  be  highly  probable  or  nearly  cer¬ 
tain  that  the  cases  unexamined  will  resemble  those  which 
have  been  examined,  but  it  can  never  be  certain.”  The 
great  defect  in  this  theory  is  brought  out  by  this  last  sen¬ 
tence.  For  it  makes  empirical  generalizations,  such  as, 
“All  the  books  in  my  library  are  bound,”  more  certain 
than  real  scientific  laws,  such  as  “All  material  bodies 
gravitate.”  Indeed,  it  is  impossible  to  avoid  interpreting 
this  theory  to  mean  that  the  certainty  of  a  scientific  gen¬ 
eralization  is  proportional  to  the  number  of  cases  exam¬ 
ined,  and  that  any  future  instance  may  turn  out  to  be 
negative.  But  we  know  that  mere  repetition  of  instances 
of  material  bodies  gravitating  does  not  add  in  any  way 
to  the  certainty  of  the  law.  Nor  do  Ave  fear  that  a  negative 
instance  will  be  discovered.  Moreover,  in  establishing  such 
a  law,  variety  of  instances  is  far  more  important  than  mere 
number,  and  one  of  each  variety  is  enough,  if  it  be  typical. 

In  spite  of  this  weakness  in  the  enumerative  theory  it 
has  recently  been  revived  by  Peirce,  and  other  logicians. 
As  revised,  it  may  be  spoken  of  as  the  sampling  type  of 
enumerative  induction,  since  these  logicians  refer  to  the 
instances  as  samples.  Thus  Peirce  defines  induction  as, 
“the  inference  from  the  character  of  a  sample  to  that  of 
the  whole  lot  sampled.”  And  he  illustrates  it  thus :  “If 
one  draws  a  handful  of  coffee  from  a  bag,  and,  finding  every 
bean  of  the  handful  to  be  a  fine  one,  concludes  that  all  the 
beans  in  the  bag  are  fine,  he  makes  an  induction.”  But 
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he  repudiates  what  Jevons  calls  perfect  induction.  “In¬ 
duction,  as  above  defined,  is  called  philosophical  or  real  in¬ 
duction,  in  contradistinction  to  formal  or  logical  induction, 
which  rests  upon  a  complete  enumeration  of  cases  and  is 
thus  induction  only  in  form.”  Royce  has  developed  this 
sampling*  type  of  enumerative  induction  into  a  valuable 
scientific  method,  with  which  we  shall  deal  more  in  detail 
below,  but  he  recognizes  that  the  sampling  method  is  really 
only  a  stage  or  starting  point  for  “the  organized  combina¬ 
tion  of  theory  and  experience”  which  is  the  real  meaning 
of  induction.  Here  Royce  is  nearer  to  our  third  theory 
of  the  nature  of  induction,  but  he  never  succeeded  in 
freeing  himbelf  from  this  erroneous  conception  of  in¬ 
duction. 

In  order  to  bring  this  error  into  clear  relief,  let  me  point 
out  that  Peirce  really  confuses  two  problems  in  the  illus¬ 
tration  just  given.  (1)  One  problem  is  that  of  determin¬ 
ing  the  nature  of  an  assumed  homogeneous  collection  by 
determining  the  nature  of  a  few  samples  from  the  collec¬ 
tion.  (2)  The  other  problem  is  that  of  determining  what 
constitutes  a  grain  of  coffee  a  fine  grain.  The  last  is  the 
real  inductive  problem,  and  it  cannot  be  solved  by  mere 
enumeration  of  grains  of  coffee.  Various  kinds  of  grains 
must  be  collected,  compared  and  analyzed  in  order  to  for¬ 
mulate  a  general  principle  of  grading,  before  a  given  grain 
can  be  referred  to  as  fine.  And,  however  important  enu¬ 
meration  may  be  in  such  a  process,  taken  by  itself  it  is 
worthless.  It  must  be  supplemented  by  a  careful  analysis. 
After  we  have  determined  what  a  fine  grain  of  coffee  is, 
we  are  only  justified  in  assuming  that  all  the  grains  in  a 
bag  are  fine  grains  by  a  careful  use  of  the  method  of 
sampling.  The  importance  of  this  method  in  scientific 
investigations  must  not  be  minimized,  but  the  principle 
which  it  involves  cannot  justly  be  erected  into  a  general 
theory  of  induction. 
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While  rejecting,  then,  the  enumerative  theory  of  induc¬ 
tion  m  all  of  its  three  forms,  it  is  admitted  that  enumera¬ 
tion  plays  a  significant  role  in  scientific  investigations. 
^ ons  i'ight  when  he  says  ‘‘that  the  power  of  expressing 
a  great  number  of  particular  facts  in  a  very  brief  space 
is  essential  to  the  progress  of  science.  ’  ’  Enumerating  in¬ 
stances  or  collecting  data  is  the  first  step  in  any  experi¬ 
mental  inquiry.  But  many  great  discoveries  have  been 
made  by  a  careful  study  of  two  or  three  instances.  This 
fact  alone  is  a  sufficient  refutation  of  the  enumerative 
theory  of  induction. 

The  Eliminative  Theory  of  Induction  . 

\  This  theory  of  the  general  nature  of  induction  holds  that 
I  the  justification  of  a  scientific  law  is  to  be  found  in  the 
j  fact  that  no  other  law  offers  a  satisfactory  explanation  of 
'  tlie  facts-  According  to  this  view,  the  scientist  starts  an 
investigation  with  a  number  of  possible  and  plausible 
tentative  hypotheses,  each  one  of  which  is  supposed  to  be 
a  good  explanation  of  the  facts.  Then  each  is  put  to  the 
test  of  experience,  and  the  one  which  stands  after  every 
means  of  testing  has  been  employed  is  regarded  as  the 
true  law,  or  theory.  The  tentative  hypotheses  might  even 
be  formulated  as  alternatives  in  a  disjunctive  proposition, 
thus :  The  phenomenon  X  is  either  explicable  by  hypothe¬ 
sis  A,  or  B,  or  C,  or  D.  Putting  D  to  the  test  we  find  it 
defective,  and  so  with  C  and  B.  Having  eliminated  all 
except  A,  we  are  justified  in  concluding  that  the  true  ex¬ 
planation  of  X  is  the  hypothesis  A.  The  hypothesis  which 
is  thus  verified  becomes  a  theory. 

Joseph  is  an  advocate  of  the  eliminative  theory  of  in¬ 
duction,  He  gives  a  simple  and  clear  illustration  of  the 
process : 

Let  a  novice  notice  that  his  bicycle  makes  an  unpleasant  noise 
in  running,  and  try  to  ascertain  the  cause.  ...  In  this  problem 
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the  determination  of  the  alternatives  among  which  the  cause  is  to 
be  sought  is  tolerably  simple ;  for  the  noise  must  originate  in  one 
or  other  (or  it  may  be  several)  of  the  non-rigid  parts.  Say  that 
these  are,  on  the  machine  in  question,  the  axle  bearings  of  either 
wheel  and  of  the  cranks,  the  bearings  of  the  head,  the  pedal 
bearing,  the  clutch,  the  back-pedaling  break,  and  the  saddle 
springs.  All  that  the  rider  has  to  do  is  ascertain  which  of 
these  parts  may  be  at  rest  while  the  noise  occurs,  and  which  may 
be  in  motion  without  the  noise.  ...  It  is  instructive  to  observe 
that  the  same  process  of  elimination  among  the  members  of  a 
disjunction  is  employed  here,  as  if  one  were  establishing  a  gen¬ 
eral  conclusion.  The  novice  has  to  fall  back  upon  ascertaining 
the  origin  of  the  noise  by  showing  that,  among  the  possible  origins 
to  which  it  can  be  ascribed,  there  is  none  but  one  to  which  the 
facts  permit  him  to  ascribe  it  consistently  with  the  principles 
of  causation.2 

The  chief  defect  in  this  interesting  theory  is  that  it 
overemphasizes  the  negative  aspect  of  induction.  It  rests 
entirely  upon  the  principle  that  the  failure  to  eliminate 
any  hypothesis  justifies  treating  it  as  valid.  But  suppose 
that  there  are  a  number  of  alternatives  which  cannot  be 
eliminated.  Then  this  method  is  powerless  to  determine 
the  true  one.  This  Joseph  admits:  “If  a  competing  hy¬ 
pothesis  enabled  us  equally  well  to  find  systematic  connec¬ 
tion  in  the  same  set  of  facts,  I  do  not  see  how  we  could 
decide  between  them.”  Nor  could  any  hypothesis  ever  be 
established,  “unless  we  could  show  that  all  possible  com¬ 
peting  hypotheses  had  been  overthrown.”  This  admis¬ 
sion  of  its  chief  advocate  is  a  sufficient  condemnation  of 
the  eliminative  theory  of  induction  as  a  general  theory, 
however  valuable  it  may  be  as  a  subsidiary  process.  More¬ 
over,  Joseph’s  own  suggestion  in  the  above  quotation,  that 
the  aim  of  elimination  is  the  finding  of  systematic  connec¬ 
tion  in  a  set  of  facts,  shows  that  induction  by  scientific 


2  H.  W.  B.  Joseph,  An  Introduction  to  Logic,  pp.  447  f.  The  last 
sentence  is  condensed. 
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analysis  really  underlies,  and  is  far  more  important  than 
eliminative  induction.3 

However,  the  eliminative  theory  has  the  great  advantage 
of  emphasizing  the  overwhelming  importance  of  the  work 
of  the  theorizing  activity  of  the  human  mind  in  reaching 
valid  inductive  generalizations. 

Induction  by  Scientific  Analysis 

The  true  solution  of  the  problem  of  the  inductive  leap, 
is  tO‘  deny  that  there  is  any  gap  or  chasm  between  the 
particular  instances,  and  the  general  scientific  law  which 
explains  those  cases.  The  scientist  does  not  pass  from  the 
facts  to  the  law.  He  finds  the  law,  or,  better,  the  syste¬ 
matic  connection  in  the  instances.  This  he  is  able  to  do 
by  subjecting  a  variety  of  instances  to  careful  analysis  or 
even  to  experimentation,  and  by  comparing  and  studying 
the  results  until  the  underlying  system,  of  which  the  in¬ 
stances  and  their  elements  are  all  fragments,  is  finally 
brought  to  light  and  formulated  as  a  law.  This  is  what 
Royce  meant,  by  speaking  of  induction  as  a  combination 
of  theory  and  experience.  The  facts  are  experienced,  and 
when  they  are  analyzed  their  elements  are  experienced — if 
not  with  the  naked  eye,  then  by  the  help  of  high-powered 
microscopes  and  other  instruments  of  observation.  But 
mere  experience,  mere  enumeration,  mere  observation  of 
the  data  resulting  from  analysis  and  experimentation  is 
not  enough.  The  mind  must  see  as  well  as  the  eye.  The 
underlying  system  of  connections,  in  which  each  separate 

3  See  Bernard  Bosanquet,  Implication  and  Linear  Inference,  Ch.  IV, 
for  a  full  discussion  of  the  difference  between  eliminative  induction 
and  induction  by  scientific  analysis,  especially  oriented  to  Joseph’s 
theory.  The  example  of  Harvey’s  theory  of  the  circulation  of  the 
blood  used  below  is  borrowed  from  that  chapter,  although  I  have  put 
it  in  my  own  words.  Creighton  has  made  the  mistake  of  identifying 
eliminative  induction  and  induction  by  scientific  analysis.  See  his 
Introductory  Logic,  p.  198. 


212 


THE  PKINCIPLES  OF  SEASONING 


fact  and  datum  lives  and  moves,  must  be  brought  to  light 
by  the  intellectual  activity  of  the  investigator.  This  is 
theory.  When  theorizing  brings  the  system  to  light  the 
law  is  discovered.  Now  Joseph  is  right  in  insisting  upon 
the  value  of  eliminating  various  hypotheses.  But  there 
is  more  to  a  scientific  induction  than  this  negative  work. 
There  is  the  positive  work  of  bringing  to  light  the  actual 
structure  of  the  system  involved.  This  is  being  done  even 
in  the  process  of  elimination.  Now  the  positive  aspect 
of  an  inductive  inquiry  may  be  regarded  as  a  thorough¬ 
going  analysis  of  the  data,  plus  a  keen  insight  into  the 
interrelations  of  the  numerous  elements  resulting  from  such 
an  analysis.  This  is  the  reason  for  referring  to  this  as 
induction  ~by  scientific  analysis .4 

To  clarify  this  interpretation  of  inductive  inference,  let 


4  The  failure  to  distinguish  induction  by  scientific  analysis  from 
enumerative  induction  vitiates  the,  in  many  respects,  valuable  recent 
book  entitled  Introduction  to  Reflective  Thinking,  to  which  we  have 
already  referred.  The  authors  write:  “The  tremendous  advance 
from  collected  data  to  an  hypothesis  about  these  facts  has  itself 
sometimes  been  referred  to  as  the  ‘inductive  leap,’  and  it  is  indeed 
an  enormous  ‘jump.’  .  .  .  The  uniformity  of  nature,  the  conviction 
that  things  will  continue  to  occur  in  the  same  manner  as  they  have 
hitherto,  is  undoubtedly  the  best  founded  generalization  in  the  whole 
range  of  human  experience”  (pp.  74,  93).  Here  the  enumerative 
theory  is  plainly  implied,  and  it  is  also  erroneously  assumed  that  its 
principle  is  established  by  experience,  whereas,  as  Russell  has  said,  it 
can  neither  be  proved  nor  disproved  by  experience  (See  Problems  of 
Philosophy,  p.  106).  But  the  theory  of  induction  by  scientific 
analysis  is  implicit  in  the  following:  “Our  life  is  one  long  course 
of  discovery  ...  of  fixed  patterns  in  events.  .  .  .  They  are, 
in  fact,  precisely  that  feature  of  our  universe  that  makes  it  an 
ordered  cosmos  rather  than  a  mere  chaos.  .  .  .  These  patterns 
which  force  themselves  upon  our  attention  and  to  the  analysis  of 
which  the  scientist  devotes  his  life,  are  causal  relations,  uniform  cor¬ 
relations  betv/een  causes  and  effects,  such  that,  unless  some  other 
cause  has  prevented  it,  when  one  part  of  the  pattern  is  discovered 
the  rest  is  sure  to  follow”  (p.  92).  This  conception  of  fixed  pat¬ 
terns  is  synonymous  with  our  conception  of  the  implicative  system, 
and  it  is  incompatible  with  the  enumerative  theory  of  induction. 
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us  illustrate  it  by  Harvey’s  great  discovery  of  the  circula¬ 
tion  of  the  blood.  He  had  before  him  certain  facts.  He 
knew  there  were  veins  and  arteries,  a  heart  and  lungs. 
By  the  phenomenon  known  as  the  pulse  he  knew  the  blood 
flowed.  He  studied  the  action  of  the  heart,  analyzing  it 
to  determine  its  structure.  Reflecting  on  his  results  he 
reached  certain  conclusions :  such  as,  that  there  is  no  pas¬ 
sage  for  blood  in  the  wall  which  separates  the  chambers 
of  the  heart,  that  the  blood  passes  from  the  right  to  the 
left  ventricle  of  the  heart  through  the  lungs,  and  that  the 
heart  contracts  and  forces  the  blood  through  the  arteries. 
This  gave  him  enough  facts  about  the  circulatory  system 
to  enable  him  to  surmount  the  theory  current  in  his  day 
that  the  blood  in  the  arteries  is  entirely  different  from  the 
blood  in  the  veins.  As  a  result  of  his  analysis  and  careful 
reflection  upon  the  facts,  he  induced  the  true  nature  of  the 
circulatory  system,  that  the  arteries  and  the  veins  are 
connected  so  that  the  blood  in  the  left  ventricle  of  the  heart 
is  driven  through  the  arteries  into  the  veins  by  the  force 
created  by  the  heart’s  contraction,  and  is  then  carried  back 
to  the  right  ventricle,  from  which  it  goes  to  the  left  ventricle 
again  through  the  lungs,  where  it  is  purified.  The  missing 
link  in  the  circulatory  system  Harvey  never  saw  by  actual 
observation.  His  mind  inferred  its  existence.  That  missing 
link  was  the  connection  between  the  arteries  and  the  veins. 
In  1661,  years  after  Harvey’s  theory  was  put  forth  (1628), 
Malpighi,  using  the  newly  invented  compound  microscope, 
discovered  by  actual  observation  the  “capillary  channels 
connecting  the  arteries  and  the  veins,  the  existence  of  which 
Harvey  had  induced  from  his  knowledge  of  the  rest  of  the 
system. 

Harvey’s  circulatory  theory  is  not  a  generalization 
reached  by  jumping  from  certain  facts  over  to  it.  It  is  not 
an  inductive  leap.  Rather  it  is  an  accurate  formulation  of 
the  actual  system  constituted  by  the  heart,  lungs,  arteries, 
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veins  and  capillary  channels.  The  discovery  of  the  table  of 
elements  in  chemistry  is  another  excellent  illustration  of 
induction,  and  numerous  others  might  be  mentioned. 
Scientific  analysis  discovers  the  actual  nature  of  a  complex 
system  of  facts,  expressing  it  as  a  universal  law  or  theory. 
The  law  thus  found  is  not  something  tacked  on  to  the  facts. 
It  is  rather  the  expression  in  language  of  the  actual  con¬ 
nections  which  bind  the  facts  into  a  system.  The  nature 
of  this  system  is  always  present  in  each  fact  entering  into 
its  constitution,  only  it  cannot  be  found  until  enough,  and 
a  sufficient  variety  of  facts  are  known  to  bring  it  to  light. 
Now  that  we  know  of  the  existence  of  the  circulatory  sys¬ 
tem,  we  inevitably  think  of  each  member  of  it  in  terms  of 
the  whole  system. 

Our  account  of  the  general  nature  of  induction  has  thus 
brought  us  to  the  same  point  which  we  reached  in  our  ex¬ 
position  of  the  nature  of  inference  in  Chapter  XI,  namely, 
to  the  conception  that  the  essence  of  induction  is  the  dis¬ 
covery  of  concrete  order  systems  or  inferential  wholes. 
And  it  is  entirely  consistent  with  our  general  theory  of 
knowledge  that  we  should  be  led  to  this  point.  If  all  in¬ 
ference  and  all  knowledge  are  in  their  essence  the  intellec¬ 
tual  discovery  of  the  actual  orderliness  in  a  definite  set  or 
region  of  facts,  then  our  general  theory  of  induction  should 
emphasize  the  overwhelming  importance  of  order  systems. 
The  counting  of  instances  and  the  eliminating  of  competing 
hypotheses  are  valuable  subsidiary  phases  of  inductive  pro¬ 
cedure,  but  its  essence  is  that  process  of  scientific  analysis 
and  theorizing  which  brings  to  light  the  implicative  systems 
in  the  nature  of  things.  Royce  is  right  in  treating  induc¬ 
tion  as  a  combination  of  theory  and  of  experience.5  For 
it  involves  enumeration  and  sampling,  observation  and 


5  See  his  article  in  Ruge’s  Encyclopedia  of  the  Philosophical 
Sciences,  Vol.  I,  pp.  78-92. 
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experimentation,  but  in  all  genuine  scientific  research  each 
one  of  these  subsidiary  processes  is  really  swallowed  up  in 
a  creative  theoretical  activity  of  the  mind,  which  leads  the 
investigator  straight  into  the  secret  recesses  of  the  order 
system  of  which  his  data  are  fragments. 


CHAPTER  XYI 


SCIENCE - ITS  ASSUMPTION,  NATURE  AND  METHODS 

The  Inductive  Assumption  Underlying  Science 

In  the  last  chapter  the  fact  that  all  scientific  investiga¬ 
tions  of  concrete  facts  have  in  them  a  deductive  element 
was  pointed  out.  This  means  that  every  scientific  investi¬ 
gator  makes  a  definite  assumption  as  to  the  nature  of  the 
world  of  facts.  This  assumption  is  at  the  background  of 
all  scientific  research,  even  though  the  particular  investi¬ 
gator  may  not  be  conscious  of  its  presence  in  his  own  think¬ 
ing.  The  scientist  has  his  eye  on  the  facts  and  not  on  his 
assumptions.  But  it  is  the  business  of  the  logician  to  focus 
attention  upon  the  underlying  conception  of  the  world 
which  is  active  in  the  scientist’s  intellectual  work.  What 
is  the  basic  assumption  underlying  science? 

According  to  the  enumerative  theory  of  induction,  this 
assumption  is  that  what  is  found  to  be  true  of  the  instances 
of  a  phenomenon  which  have  been  examined  will  always 
hold  true  of  all  other  instances  exactly  like  those,  be  they 
actually  existent,  imminent,  or  in  an  indefinite  future. 
The  future  will  resemble  the  past  and  new  instances  will 
behave  like  old  ones.  This  is  the  assumption  of  the  scien¬ 
tist,  according  to  the  enumerative  theory  of  induction. 
Why  what  holds  good  of  instances  which  have  been  exam¬ 
ined  must  hold  good  of  instances  which  have  not  been,  and 
by  the  very  nature  of  things  cannot  be  examined,  this 
theory  does  not  answer.  It  cannot  answer  because  it  is 
based  on  another  assumption  which  makes  it  impossible  to 
give  an  answer,  namely,  that  the  world  is  made  up  of  iso¬ 
lated,  particular  instances  or  events,  and  that  the  laws  of 
nature  are  not  expressions  of  actual  relations  in  nature  but 
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meiely  descriptions  of  the  way  these  separate  events  appear 
in  human  experience.  This  assumption  denies  the  con¬ 
tinuity  of  nature.  If  the  world  is  made  up  of  isolated  par¬ 
ticular  instances  or  events  science  is  really  impossible,  and 
what  we  suppose  we  know  about  the  world  itself  we  only 
know  about  our  own  sense  impressions  or  experiences.  “No 
account  can  be  given  of  induction  at  all  if  a  perception  of 
the  necessary  relation  of  things  is  denied”  (Lossky).  Or, 
as  Whitehead  has  expressed  it,  such  an  assumption  leads 
to  the  bifurcation  of  nature ”■ — dividing  it  into  two  parts, 
one  o_L  which  consists  of  subjective  sense  impressions  and 
the  other  of  hard  atoms  or  isolated  particular  facts.  Con¬ 
sequently,  instead  of  science  being  an  account  of  nature 
as  it  is  as  an  independent  reality,  it  only  tells  us  what  our 
subjective  experiences  are.  Instead  of  being  a  description 
of  the  real  order  of  nature,  it  is  only  a  description  of  the 
succession  of  the  scientists’  own  individual  sense  impressions. 

The  assumption  underlying  the  eliminative  and  scientific 
theories  of  induction  is  exactly  opposite.  It  is  that  nature 
itself  is  an  ordered  system.  The  whole  universe  is  an  or¬ 
dered  and  systematic  whole,  not  a  chaos  of  isolated  facts. 
The  laws  of  nature  express  actual  necessary  relations  be¬ 
tween  natural  entities  or  facts.  They  are  actual  bonds 
which  hold  the  facts  together  into  systems.  The  scientist 
discovers  the  actual  integrations  constituting  the  nature  of 
things.  This  is  the  basic  inductive  assumption  underlying 
every  scientific  inquiry. 

J ohn  Stuart  Mill  expressed  this  assumption  as  the  law  of 
the  uniformity  of  nature.  The  expression  has  often  been 
criticized  and  it  is  undoubtedly  open  to  objections,  but 
when  it  is  properly  interpreted  it  is  of  real  value.  The  con¬ 
cept  of  nature  must  mean  more  than  physical  nature.  It 
must  include  the  whole  class  of  mathematical  and  logical 
relationships,  which  are  sometimes  spoken  of  as  forming  a 
world  of  subsistence,  to  distinguish  them  from  the  world  of 
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existence  in  space  and  time.  In  Mill’s  mind  the  term 
nature  included  only  the  world  of  existence.  Modern  logi¬ 
cians  are  agreed  in  recognizing  the  reality  of  systems  of 
objects  and  relations  which  do  not  exist  in  space  and  time, 
and  are,  therefore,  said  to  subsist.  If  the  law  of  the  uni¬ 
formity  of  nature  is  interpreted  so  as  to  include  in  the  con¬ 
cept  of  nature  those  realities  which  subsist ,  as  well  as  those 
which  exist,  it  is  a  very  serviceable  formula  for  the  basic 
assumption  of  science. 

But  uniformity  must  not  be  interpreted  to  deny  the  ex¬ 
istence  of  an  infinite  variety  and  novelty  in  nature.  Its 
real  purpose  is  the  assertion  of  the  absolute  and  unbroken 
reign  of  law.  ‘ 1  That  which  collectively  we  call  nature  is  a 
vast  assemblage  of  substances  of  divers  kinds  diversely 
intermingled:  interacting  with  one  another  in  ways  that 
depend  upon  their  abiding  character  and  their  shifting 
situation.  Even  what  we  call  single  things  are  highly  com¬ 
plex,  and  their  properties  and  behavior  depend  upon  their 
composition,  and  upon  the  situation  in  which  they  are 
placed  relatively  to  other  things;  we  may  believe  that 
whenever  one  complex  thing  of  precisely  the  same  kind' 
is  placed  in  precisely  the  same  situation  as  another,  it  will 
behave  in  precisely  the  same  way ;  nor  is  more  required  by 
the  principle  of  the  uniformity  of  nature ;  and  yet,  we  may 
doubt  whether  such  precise  repetition  ever  occurs.  Watch 
the  movements  of  a  waterfall,  how  it  breaks  into  a  thou¬ 
sand  parts  which  seem  to  shift  and  hang,  and  pause  and 
hurry,  first  one,  and  then  another,  so  that  the  whole  never 
presents  quite  the  same  face  twice ;  yet  there  is  not  a  par¬ 
ticle  of  water  whose  path  is  not  absolutely  determined  by 
the  forces  acting  upon  it  in  accordance  with  quite  simple 
mechanical  laws.  No  one  would  suppose  that  because  these 
mechanical  laws  are  unchanging,  the  waterfall  must  wear 
a  monotonous  and  unchanging  face;  and  so  it  is,  on  a 
larger  scale,  with  the  course  of  nature”  (Joseph,  p.  402). 


SCIENCE 


213 


It  Is  such  a  conception  of  nature  which  every  scientist  as¬ 
sumes  and  must  assume.  He  cannot  prove  either  by  ex¬ 
perience  or  by  technical  experimentation  that  the  universe 
is  such  an  ordered  system.  But  he  could  not  prove  any¬ 
thing  else  if  he  did  not  assume  this.  It  is  the  major  premise 
in  all  scientific  reasoning.  The  only  demonstration  it  needs 
is  that  unless  it  is  true  all  our  human  knowledge  is  a  fairy 
tale. 

The  Nature  of  Science 

What,  then,  is  science  ?  There  are  two  ways  of  answering 
this  question.  One  is  to  look  at  it  from  the  side  of  the 
material  with  which  science  deals.  We  have  just  seen  that 
there  is  nothing  whatever,  subsisting  or  existing,  which 
does  not,  or  may  not,  form  material  for  science.  We  have 
to  assume  that  the  whole  of  nature,  in  the  broadest  sense 
of  the  term,  and  in  all  of  its  infinite  detail,  novelty  and 
variety,  is  the  content  of  science.  “The  work  of  the  true 
man  of  science  is  a  perpetual  striving  after  a  better  and 
closer  knowledge  of  the  planet  on  which  his  lot  is  cast,  and 
of  the  universe  in  the  vastness  of  which  that  planet  is  lost” 
(J.  N.  Lockyer).  From  this  point  of  view,  then,  science 
may  be  defined  as  that  more  or  less  integrated  and  sys¬ 
tematized  body  of  human  knowledge  of  the  whole  universe, 
in  its  vastness  as  well  as  in  its  infinitesimal  details,  which 
is  made  up  of  all  of  the  special  fields  of  knowledge  consti¬ 
tuting  the  several  courses  offered  in  various  technical 
schools,  colleges  and  universities. 

The  other  way  of  defining  science  approaches  it  from 
the  point  of  view  of  its  methods.  Any  body  of  knowledge 
is  said  to  be  scientific  when  it  has  been  reached  by  a  careful 
and  painstaking  use  of  observation,  experiment  and  reflec¬ 
tion  on  the  data  thus  obtained.  And  the  whole  body  of 
knowledge  which  has  been  so  built  up  is  called  science.  One 
test  of  whether  a  given  piece  of  knowledge  is  scientific  is 


220 


THE  PRINCIPLES  OF  REASONING 


whether  other  trained  observers  can  verify  it  by  using  the 
same  observations  and  experiments,  and  by  going  through 
the  same  processes  of  reflection.  Not  every  one  is  capable 
of  making  such  a  verification  because  most  people  lack  the 
necessary  disciplinary  training  and  the  freedom  from  per¬ 
sonal  and  environmental  prejudices.  Another  test  of 
whether  knowledge  is  scientific  is  whether  it  has  been  de¬ 
personalized  and  de-emotioncdized.  The  emotional  halo 
which  characterizes  so  many  burning  convictions  held  by 
unscientific  people  is  “sicklied  o’er  with  the  pale  cast  of 
thought”  whenever  a  cool-headed  scientist  puts  the  belief 
in  question  to  the  test  of  the  laboratory. 

The  Aim  and  Mood  of  Science 

The  primary  aim  of  science  is  the  discovery  of  the  actual 
connections  in  the  particular  material  with  which  it  deals. 
It  tries  to  give  an  accurate,  clear  and  consistent  account 
of  order  systems  as  they  are.  That  is  why  it  must  be  de¬ 
personalized.  The  continuity  and  coherence  which  con¬ 
stitute  the  very  nature  of  things  is  delved  after  by  every 
scientific  investigator.  While  it  is  generally  admitted  that 
the  capstone  of  the  edifice  of  science  is  its  modifications 
of  the  conditions  of  human  life,  so  as  to  add  to  the  enrich¬ 
ment  of  human  civilization  and  “to  illumine  man’s  little 
day,  ’  ’  nevertheless  the  real  motive  which  spurs  on  the  true¬ 
hearted  scientist  is  not  practical  but  a  burning  curiosity  to 
find  out  the  truth.  There  is  nothing  so  irritating  to  a  true 
scientist  as  obscure  and  opinionated  thinking.  He  longs 
to  see  everything  as  it  actually  is.  To  be  a  scientist,  then, 
one  must  have  (1)  a  passion  for  facts;  (2)  be  extremely 
cautious,  even  to  the  point  of  scepticism,  in  reaching  a  con¬ 
clusion  ;  (3)  have  a  clear  mind,  which  is  disgusted  with 
the  credulous  acceptance  of  dogmatic  assertions,  and  (4) 
have  the  ability  to  see  the  relations  between  phenomena 
which  the  average  person  regards  as  entirely  unconnected. 
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*  ‘  Science  is  born  anew  in  that  wonderful  world  within  each 
man  when  with  deliberate  will  he  succeeds  in  thinking  about 
the  principles  of  his  work  in  the  great  world  without  in 
a  clear,  logical  and  systematic  way,  and  courageously  puts 
his  conclusions  to  the  test  of  experiment ;  and  the  so-called 
sciences  are  the  written  record  of  such  thinking,  only  more 
extensive  because  clear,  systematic  and  consistent,  and 
more  true  to  reality  because  they  have  been  tested  by  count¬ 
less  experiments  and  experiences  in  the  race”  (Benchara 
Branford). 

Classification  of  the  Sciences 

There  is  an  appalling  diversity  of  opinion  among  educated 
people  as  to  what  kinds  of  subject  matter  have  really 
reached  that  stage  of  development  where  they  can  be  re¬ 
ferred  to  as  sciences.  Some  would  limit  the  use  of  the  term 
to  the  so-called  exact  sciences,  like  chemistry  and  physics. 
Others  would  include  as  sciences  all  the  social  sciences,  such 
as  history,  economics,  political  science  and  education. 
Others  would  go  a  step  further  and  include  ethics,  aesthet¬ 
ics  and  metaphysics.  Indeed,  a  book  has  recently  appeared 
by  a  prominent  theologian,  D.  C.  Macintosh,  entitled 
Theology  as  an  Empirical  Science.  Now  there  is  unques¬ 
tionably  a  vast  difference  between  such  a  body  of  knowl¬ 
edge  as  chemistry  or  physics,  and  theology,  or  even  political 
science.  This  difference  has  been  well  expressed  by  J.  A. 
Thomson :  ‘  ‘  An  exact  science  is  like  a  solar  system,  a 

young  science  is  like  a  nebula,  but  we  see  no  reason  why 
the  student  of  dreams  may  not  be  as  ‘scientific’  as  the 
student  of  rocks,  provided  that  he  does  not  allow  assertion 
to  outstrip  evidence,  and  understands  what  he  knows.” 
And  the  logician  must  concur  with  him  in  the  “common- 
sense  view  that  science  includes  all  knowledge,  communi¬ 
cable  and  verifiable,  which  is  reached  by  methodical  obser¬ 
vation  and  admits  of  concise,  consistent  and  connected  for- 
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mulation.”1  The  term  science  is  used  in  this  wide  sense 
in  the  following  classification  of  the  various  sciences. 

The  first  group  to  be  distinguished  is  the  abstract  and 
formal  sciences,  which  neglect  concrete  objects  and  deal 
with  purely  formal  relations.  Here  belong  mathematics, 
in  all  of  its  branches,  and  logic,  especially  mathematical 
or  symbolic  logic,  as  distinct  from  inductive  logic.  These 
sciences  are  a.11  highly  deductive.  They  assume  certain 
sets  of  axioms  and  “primitive  ideas”  to  be  true  for  the 
purpose  of  deducing  their  detailed  consequences. 

All  the  other  sciences  are  much  more  concrete.  Inasmuch 
as  they  aim  to  give  an  accurate  description  of  actual  phe¬ 
nomena,  they  are  sometimes  spoken  of  as  descriptive  sci¬ 
ences.  Among  these,  five  general  and  fundamental  sciences 
are  usually  distinguished.  They  are  chemistry,  physics, 
biology,  psychology,  and  sociology.  While  each  has  a  rela¬ 
tively  distinct  province  they  inevitably  overlap  in  many 
ways. 

A  group  of  derivative  sciences  depend  upon  these  general 
and  fundamental  concrete  sciences.  Botany,  zoology  and 
paleontology  are  special  sciences  within  the  field  of  biology. 
Much  of  astronomy  and  meteorology  comes  under  physics 
and  a  great  deal  of  mineralqgy  under  chemistry.  But  these 
special  derivative  sciences  nave  to  be  distinguished  from 
sub-sciences  such  as  morphology,  embryology  and  physiol¬ 
ogy. 

A  special  group  of  the  derivative  special  sciences  is 


1  See  his  article  entitled  “Science”  in  the  Encyclopedia  of  Religion 
and  Ethics,  from  which  some  of  the  material  presented  in  this  chapter 
has  been  taken,  with  the  permission  of  Charles  Scribner’s  Sons.  See 
also  his  “Introduction  to  Science,”  in  the  Home  University  Library , 
and  his  article  entitled  “Science  and  Modern  Thought,”  in  the 
Outline  of  Science,  Vol.  IV,  pp.  1165  ff.  The  outline  map  of  scientific 
knowledge  below  is  taken,  with  some  modifications,  from  the  latter 
(p.  1171),  with  the  permission  of  G.  P.  Putnam’s  Sons. 
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known  as  the  synoptic  sciences.  These  are  really  combina¬ 
tions  of  parts  of  other  sciences.  That  is  to  say,  they  use 
the  methods  and  many  of  the  principles  of  other  sciences, 
but  develop  such  a  unique  interpretation  of  their  subject 
matter  as  to  entitle  them  to  separate  rank.  Geology,  for 
instance,  focuses  attention  upon  the  earth,  but  it  com¬ 
bines  parts  of  physics,  chemistry  and  paleontology.  Geog¬ 
raphy  and  anthropology  are  other  examples.  Even  as¬ 
tronomy,  one  of  the  most  ancient  and  sublime  of  all  sciences, 
is  really  a  mixture  of  mechanics,  thermodynamics,  optics 
and  chemistry,  with  special  reference  to  the  constitution 
and  movements  of  sun,  moons,  planets,  stars,  and  other 
celestial  phenomena 

Outline  Map  of  Scientific  Knowledge 
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Finally  we  have  to  speak  of  applied  sciences.  They  are 
either  separate  departments  of  the  various  special  sciences, 
or  combinations  of  principles  taken  from  several  of  these 
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with  special  reference  to  their  bearing  on  practical  life, 
particularly  on  the  arts  and  crafts.  Examples  are  engi¬ 
neering,  agricultural  science,  medicine,  educational  psy¬ 
chology  and  aeronautics.  The  very  new  science  of  voca¬ 
tional  psychology  is  an  applied  science  within  the  field  of 
theoretical  psychology. 

The  above  “outline  map  of  scientific  knowledge”  may 
very  well  serve  graphically  to  summarize  the  contents  of 
this  paragraph. 

Classification  of  the  Scientific  Methods 

For  the  purposes  of  logic,  it  is  necessary  to  supplement 
this  classification  of  the  sciences  with  a  classification  of  the 
more  important  methods  employed  in  scientific  research. 
To  a  certain  extent  these  methods  are  made  use  of  in  all  of 
the  sciences,  so  that  a  different  principle  of  classification 
has  to  be  used.  This  is  also  necessary  in  order  to  connect 
them  up  with  the  methods  usually  included  in  textbooks  on 
inductive  logic. 

The  first  group  to  be  distinguished  may  he  called  general 
basic  methods,  because  they  really  underlie  all  the  other 
methods.  Two  such  methods  need  to  be  distinguished: 
(1)  observation  and  (2)  enumeration,  or,  as  it  is  sometimes 
called,  simple  counting.  We  dealt  with  these  two  processes 
in  our  account  of  enumerative  induction,  as  well  as  in  the 
paragraph  on  the  nature  of  science.  Both  of  these  methods 
are  sometimes  grouped  together  under  the  heading,  col¬ 
lecting  the  data.  This  process  of  assembling  the  material 
for  an  investigation  is  an  absolutely  indispensable  prelimi¬ 
nary  to  all  scientific  research. 

A  second  group  of  methods  may  be  called  methods  of 
probability ,  because  they  seek  laws  which  can  be  applied  to 
great  masses  or  assemblages  of  facts,  but  which  cannot  be 
applied  to  the  individual  members  of  these  collections  with 
anything  like  the  degree  of  certainty  with  which  they  can 
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be  applied  to  the  whole  mass.  Two  methods  belong  here, 
namely,  sampling  and  statistics. 

Another  group  of  methods  are  those  known  as  Mill’s 
experimental  methods.  These  are  primarily  concerned  with 
the  problem  of  causality  and  may,  therefore,  rightly  be 
spoken  of  as  methods  of  causality.  There  are  five  of  these 
methods,  but,  as  we  shall  show  later,  three  of  them  are 
really  only  corollaries  of  the  first  two.  Mill’s  methods  are: 
(1)  the  method  of  agreement;  (2)  the  method  of  differ¬ 
ence;  (3)  the  joint  method  of  agreement  and  difference; 
(4)  the  method  of  concomitant  variations,  and  (5)  the 
method  of  residues. 

The  fourth  and  last  group  of  methods  may  be  called 
methods  of  explanation.  They  utilize  processes  which  are 
employed  in  the  other  methods,  but  they  represent  the 
means  at  our  disposal  of  getting  at  a  complete  explanation 
of  all  of  the  facts  connected  with  a  given  problem.  Thus 
they  attempt  a  further  synthesis  than  the  methods  of  prob¬ 
ability  and  causality.  Here  three  methods  may  be  dis¬ 
tinguished:  (1)  analogy;  (2)  hypothesis ,  and  (3)  the 
complete  method  of  explanation  or  the  synoptic  method. 
The  last  of  these  is  really  the  most  important  of  all  and 
may  be  called  the  scientific  method  par  excellence,  since 
it  combines  as  a  single  method  all  of  the  other  methods. 
It  might  be  thought  that  analogy  should  be  included  among 
the  methods  of  probability,  instead  of  being  put  with  the 
methods  of  explanation,  because  it  never  gives  anything 
more  than  a  certain  degree  of  probability.  But  it  has 
usually  been  employed  to  reach  a  complete  synthesis  of  a 
large  number  of  facts,  and  for  that  reason  it  is  rightly 
regarded  as  a  method  of  explanation. 

This  classification  of  the  methods  is  really  an  outline 
oftSe"  succeeding~~chapters.  _It~may  be  summarized  as 
TMIfiwsl 
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I.  General  Basic  Methods 

1.  Observation 

2.  Enumeration  or  Simple  Counting 

II.  Methods  of  Probability 

3.  Sampling 

4.  Statistics 

III.  Methods  of  Causality  (Mill’s  Methods) 

5.  The  Method  of  Agreement 

6.  The  Method  of  Difference 

7.  The  Joint  Method  of  Agreement  and  Difference 

8.  The  Method  of  Concomitant  Variations 

9.  The  Method  of  Residues 

IV.  Methods  of  Explanation 

10.  Analogy 

11.  Hypothesis 

12.  The  Complete  Method  of  Explanation,  or  the 
Synoptic  Method 

This  is  by  no  means  an  exhaustive  classification  of  all  the 
methods  used  in  scientific  investigations.  Every  science 
has  to  develop  special  methods  of  its  own.  But  for  the 
purposes  of  an  elementary  textbook  this  classification  is 
useful.  Mellone  calls  the  complete  method  of  explanation 
the  Newtonian  method,  because  it  was  employed  by  Newton 
in  his  discovery  of  the  law  of  gravitation.  Mill  spoke  of  a 
method  similar  to  it  as  the  deductive  method  of  induction. 
But  no  matter  what  it  is  called,  it  is  undoubtedly  extremely 
important.  We  shall  now  take  up  in  separate  sections  a 
detailed  consideration  of  each  group  of  methods,  except  the 
first,  the  methods  in  that  group  having  been  sufficiently 
dealt  with  already. 
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CHAPTER  XVII 


PROBABILITY 

“Probability,”  ^id  Bishop  Butler,  “is  the  very  guide  of 
life.  ’  ’  And  if  he  had'dived  to  see  the  development  of  sta¬ 
tistical  science  in  our  day  he  ’would_^bave  realized  more 
than  he  could  possibly  have  realized  wheirh^miig_it,  how 
profoundly  true  this  assertion  is.  Not  only  are  we  con¬ 
stantly  using  such  expressions  as  so-and-so  is  quite,  or  very 
or  extremely  probable,  but  in  our  modern  civilization  we 
are  constantly  solving  social,  political  and  economic  prob¬ 
lems  which  baffled  every  attempt  at  solution  at  the  time 
Bishop  Butler  lived.  (He  died  in  1752.)  And  we  are 
doing  this  by  an  application  of  the  methods  of  probability. 
However,  before  we  consider  these  methods  it  is  worth 
while  to  deal  with  the  question :  What  is  probability?  This 
is  an  extremely  important  logical  question  which  has  been 
answered  by  a  very  broad  definition  and  by  a  much  nar¬ 
rower  and  more  definite  one.  Let  us  begin  with  the  former. 

Probability  as  Equivalent  to  the  Relativity  of  Knowledge 

For  many  years  a  theory  known  as  the  doctrine  of  the 
relativity  of  knowledge  has  been  in  vogue  among  logicians. 
According  to  this  theory  none  of  the  propositions  which 
make  up  the  content  of  human  knowledge  can  be  held  abso¬ 
lutely  true.  On  the  contrary,  every  bit  of  human  knowl¬ 
edge  must  be  treated  as  only  probable  opinion.  And  its 
probability  depends  on  the  strength  of  the  evidence  m  its 
support.  But  this  never  reaches  certainty.  If  human 
beings  possess  any  certain  knowledge  at  all  it  is  direct 
knowledge  or  knowledge  by  acquaintance,  to  use  the  termi- 
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nology  which  was  explained  in  the  chapter  on  inference. 
Nearly  all  direct  knowledge  and  absolutely  all  of  indirect 
or  inferential  knowledge  is  held  by  this  view  to  be  merely 
probable.  For  example,  every  scientific  law  lacks  certainty 
but  possesses  a  degree  of  probability  varying  with  the  num¬ 
ber  of  instances  which  have  been  examined  in  formulating 
it.  To  summarize  this  view  in  a  definition :  “ Probability  is 
a  relation,  essentially  indefinable,  between  any  proposition 
and  the  evidence  which  supports  it”  (Keynes). 

This  is  the  conception  of  probability  which  dominates  the 
logical  literature  produced  by  the  new  school  of  realistic 
logicians,  which  was  founded  by  Bertrand  Russell.  In 
his  little  book  entitled  Problems  of  Philosophy  Russell 
has  a  chapter  entitled  “Induction”  in  which  he  succintly 
sets  forth  this  view,  and  it  has  been  developed  at  great 
length  in  J.  M.  Keynes’  study  entitled:  A  Treatise  on 
Probability  (1921).  Russell  says:  “The  greater  part  of 
what  would  commonly  pass  as  knowledge  is  more  or  less 
probable  opinion.”  And  again,  speaking  of  such  every¬ 
day  expectations  as  expecting  the  sun  to  rise  to-morrow  and 
the  bread  we  shall  eat  at  our  next  meal  not  to  poison  us, 
he  writes :  It  is  to  be  observed  that  all  such  expectations 
are  only  probable;  thus  we  have  not  to  seek  for  a  proof  that 
they  must  be  fulfilled,  but  only  for  some  reason  in  favor  of 
the  view  that  they  are  likely  to  be  fulfilled.”  He  points 
out  that  domestic  animals  expect  food  when  they  see  the 
person  who  usually  feeds  them.  But  “the  man  who  has 
fed  the  chicken  every  day  throughout  its  life  at  last  wrings 
its  neck  instead,  showing  that  more  refined  views  as  to  the 
uniformity  of  nature  would  have  been  useful  to  the 
chicken.”  But  the  significant  point  in  his  theory  is  that 
he  treats  scientific  laws  such  as  the  law  of  gravitation  and 
the  law  of  the  conservation  of  energy  as  only  being  dif¬ 
ferent  in  degree  from  such  expectations.  And  this  is  even 
true  of  the  belief  in  the  reign  of  law  which  we  referred  to 


PROBABILITY 


231 


as  the  law  of  the  uniformity  of  nature.  Concerning  such 
scientific  laws,  he  writes : 

It  must  be  conceded  to  begin  with,  that  the  fact  that  two  things 
have  been  found  often  together  and  never  apart  does  not,  by 
itself,  suffice  to  prove  demonstratively  that  they  will  be  found  to¬ 
gether  in  the  next  case  we  examine.  The  most  we  can  hope  is 
that  the  oftener  things  are  found  together,  the  more  probable 
it  becomes  that  they  will  be  found  together  another  time,  and 
that,  if  they  have  been  found  together  often  enough,  the  proba¬ 
bility  will  amount  almost  to  certainty.  It  can  never  quite  reach 
certainty,  because  we  know  that  in  spite  of  frequent  repetitions 
there  sometimes  is  a  failure  at  the  last,  as  in  the  case  of  the 
chicken  whose  neck  is  wrung.  Thus  probability  is  all  we  ought 
to  seek  (pp.  101  /.). 

This  shows  clearly  how  far  this  school  of  writers  iden¬ 
tifies  the  theory  of  the  relativity  of  knowledge  with  proba¬ 
bility. 

There  is  much  truth  in  this  view.  All  logicians  recog¬ 
nize  that  the  uniformity  of  nature,  in  the  sense  in  which  it 
was  explained  in  the  last  chapter,  has  to  be  assumed  and 
cannot  be  established  by  any  appeal  to  instances,  however 
numerous  the  instances  may  be.  But  it  certainly  is  highly 
misleading  to  treat  the  belief  in  the  reign  of  law  as  being  on 
a  par  with  a  chicken’s  supposed  belief  that  the  man  who 
has  come  to  wring  its  neck  has  come  to  feed  it.  Can  any 
one  really  think  that  Newton’s  law  of  gravitation  exhibits 
as  little  knowledge  of  the  actual  structure  of  nature  as  a 
chicken  has  of  the  system  of  relations  between  it  and  its 
owner?  Or,  to  put  the  question  in  more  precise  form: 
Can  any  one  believe  that  the  difference  between  Newton’s 
law  and  the  chicken’s  belief  is  only  a  matter  of  degree  of 
probability  ?  Such  a  view  is  simply  the  logical  consequence 
of  the  enumerative  theory  of  induction.  If  the  truth  of  a 
law  of  nature  is  dependent  upon  the  number  of  instances  of 
the  phenomenon  which  have  been  examined,  then  the  theory 
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that  all  such  laws  are  only  probable  becomes  the  only  pos¬ 
sible  view.  But  if  there  is  an  order  of  nature  into  which 
the  scientist  is  able  to  enter  by  careful  observation,  anal¬ 
ysis  and  reflection,  then  the  element  of  probability  is  no 
longer  significant.  For  instance,  what  good  does  it  do  to 
insist  on  the  element  of  probability  in  Harvey’s  theory  of 
the  circulation  of  the  blood? 

However  that  may  be,  it  is  not  justifiable  to  extend  the 
word  probability  to  cover  the  degree  of  truth  in  an  induc¬ 
tive  generalization  or  law  of  nature.  This  is  an  entirely 
different  meaning  of  the  word  than  that  ordinarily  given 
in  logical  discussions.  The  real  logical  meaning  of  proba¬ 
bility  is  much  narrower  and  far  more  definite. 

The  Logical  Meaning  of  Probability 

There  are,  in  the  order  of  nature,  many  extremely  com¬ 
plex  phenomena  and  numerous  relatively  homogeneous 
masses  of  material,  which,  precisely  because  of  their  com¬ 
plexity  and  great  extent,  are  beyond  the  reach  of  the  ex¬ 
perimental  methods  employed  in  the  exact  sciences.  Em¬ 
bedded  in  these  phenomena  are  so  many  and  such  intri¬ 
cately  interwoven  factors  that  the  real  operative  cause  can¬ 
not  be  fully  understood.  Even  if  it  is  discovered  and  its 
exact  nature  becomes  known,  the  other  factors  present 
with  it  may  either  entirely  neutralize  its  effect  in  some  in¬ 
stances  or  greatly  accelerate  its  activity  in  others.  Given 
such  a  complexity,  all  that  can  be  done  is  to  count  the  in¬ 
stances  when  the  phenomenon  under  investigation  occurs 
and  the  instances  when  it  fails  to  occur,  assuming  that  the 
operative  cause  is  present  in  both  sets  of  cases,  along  with 
varying  conditions.  By  means  of  such  an  enumeration,  and 
in  proportion  to  its  exhaustiveness,  we  can  estimate  the 
probability  of  the  event  occurring  whenever  the  operative 
cause  is  present.  An  example  of  this  sort  of  phenomena  is 
the  rise  and  fall  in  the  stock  and  money  markets.  This  is 
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extremely  susceptible  to  variations  among  highly  compli¬ 
cated  forces  far  beyond  any  one’s  power  to  calculate  or 
predict.  Similarly  certain  conditions  of  the  wind,  tem¬ 
perature  and  other  atmospheric  phenomena  will  one  day 
bring  rain  and  another  fair  weather.  In  such  cases  count¬ 
ing  instances  enables  the  investigator  to  get  at  a  fairly 
definite  probability. 

Here  is  an  entirely  different,  and  a  far  more  precise 
meaning  of  probability  than  that  which  identifies  it  with 
a  relation  between  a  conclusion  and  the  evidence  which 
supports  it.  To  bring  the  difference  to  sharp  expression, 
it  should  be  especially  noted  that  there  is  no  universal 
generalization  here  to  which  the  probability  is  attached  as 
a  relation.  In  such  phenomena  the  probability  is  attached 
to  the  particular  case,  and  not  to  the  general  law.  All  we 
can  do  is  to  say  that  the  probability  of  the  weather  to¬ 
morrow  being  fair  or  rainy  is  such  and  such,  based  on  the 
results  of  observation  of  previous  instances.  The  real  log¬ 
ical  meaning  of  probability  is  to  be  found  in  this  compari¬ 
son  of  the  number  of  cases  when  the  event  occurs  with  the 
number  of  cases  when  it  does  not  occur . 

Three  Aspects  of  Probability 

If,  now,  we  seek  a  little  deeper  analysis  of  probability, 
three  different  aspects  may  be  especially  noted : 

1.  One  form  of  probability  is  based  entirely  upon 
observation  and  enumeration  of  the  number  of  times  a 
given  event  has  happened  in  the  past,  whenever  there  has 
been  a  repetition  of  a  certain  set  of  highly  complex  cir¬ 
cumstances,  which  sometimes  produce  it  and  sometimes  do 
not.  Suppose  the  event  in  question  has  happened  seven 
and  failed  to  happen  three  times  out  of  ten  cases  studied. 
Then  the  probability  is  said  to  be  7/10.  In  this  case  the 
counter  probability  is  said  to  be  3/10.  The  rule  for  calcu¬ 
lating  the  probability  of  an  event  is:  “Take  as  numerator 
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the  number  of  times  when  the  event  has  been  known  to 
occur,  and  as  denominator  the  total  number  observed, 
both  of  happening  and  failure ;  and  the  resulting  fraction 
will  be  the  probability.  ’  ’  If  the  probability  is  unity  we  get 
the  fraction  1/1  which  is  equivalent  to  complete  certainty. 
On  the  other  hand  0/1  is  equivalent  to  complete  impossi¬ 
bility.  All  the  fractions  between  1/1  and  0/1  express  the 
various  degrees  of  probability.  This  phase  of  probability 
may  be  referred  to  as  experiential  probability  because  it 
can  only  be  determined  by  actual  observation  and  enumera¬ 
tion  of  past  occurrences.  The  illustration  of  the  weather 
mentioned  above  exemplifies  this  aspect  of  probability. 

2.  Theoretical  probability  is  that  which  is  based  on  a 
deduction  from  the  known  structure  of  the  phenomena 
under  investigation  without  regard  to  the  actual  observed 
behavior.  Thus  we  know  from  the  nature  of  a  penny  that 
the  probability  that  a  given  throw  will  bring  heads  or 
tails  is  one-half.  And  we  know  from  the  nature  of  dice 
that  the  probability  of  double  sixes  is  1/36.  It  is  in  dealing 
with  such  phenomena  that  we  get  what  is  known  as  the 
calculation  of  chances.  In  such  calculations  a  common  fal¬ 
lacy  is  to  assume  that  the  probability  becomes  greater  that 
the  next  throw  will  bring  double  sixes  because,  say,  thirty- 
five  throws  have  been  made  without  double  sixes  appearing. 
Unless  the  dice  are  loaded  the  probability  of  each  and  every 
throw  is  1/36,  and  this  does  not  change.  Even  though  one 
hundred  throws  were  made  without  the  appearance  of  double 
sixes  the  probability  that  the  next  throw  would  yield  double 
sixes  remains  1/36.  For  the  probability  in  such  cases  is 
not  determined  by  the  number  of  throws,  but  by  the  nature 
of  the  dice.  Theoretical  probability  is  usually  restricted 
to  artificial  phenomena  such  as  the  various  gambling  de¬ 
vices. 

3.  Probability  as  Applied  to  Aggregates.  We  have  to 
distinguish  between  probability  as  applied  to  aggregates 
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and  as  applied  to  the  individual  instances  in  an  aggrega¬ 
tion.  For  what  is  only  probable  as  applied  to  an  individual 
in  an  aggregation,  may  be  a  practical  certainty  as  applied 
to  the  aggregation.  For  example,  it  is  known  by  statistical 
investigations  of  large  numbers  of  cases  that  the  number  of 
children  who  reach  the  age  of  sixteen  is  three  fourths  of  the 
number  bora.  And  it  would  be  a  practical  certainty  that 
one  fourth  of  five  thousand  children  born  in  a  given  local¬ 
ity  would  die  before  the  age  of  sixteen.  But  we  could  not 
say  of  any  child  among  the  thousand  that  it  would  die  be¬ 
fore  sixteen  years  of  age.  In  other  words,  what  is  only  a 
probability  for  the  individual  is  a  certainty  for  the  aggre¬ 
gate.  This  has  been  expressed  as  a  law:  “While  in  a 
small  number  of  cases  there  is  irregularity  in  the  observed 
ratio  between  the  number  of  times  a  given  event  has  hap¬ 
pened  and  its  failures,  still  in  a  large  number  of  instances 
this  ratio  tends  toward  a  constant  limit.  ’  ’  1 

An  excellent  illustration  of  this  law  is  to  be  found  in 
the  attempts  of  Quetelet  and  Jevons  to  verify  theoretical 
probability  by  observation  and  enumeration  of  large  num¬ 
bers  of  instances.  Thus,  Quetelet  made  4,096  drawings 
from  an  urn  containing  20  black  and  20  white  balls.  Theo¬ 
retically,  this  should  have  yielded  2,048  of  each  color.  The 
actual  drawings  resulted  in  2,066  white  and  2,030  black 
balls.  Jevons  made  20,480  throws  of  a  penny  and  the  re¬ 
sult  was  10,353  heads  and  10,127  tails.  This  shows  that 
when  a  sufficiently  large  number  of  instances  are  taken 
into  account  the  probable  laws  approach  complete  cer¬ 
tainty.  The  results  are  sure  to  approximate  a  definite 
ratio,  and,  according  to  the  law  stated  above,  the  larger 
the  number  of  instances  the  nearer  the  approximation  to 


i  See  J.  G.  Hibben’s  article,  “Probability,”  in  the  Encyclopedia  of 
Religion  and  Ethics.  I  am  indebted  to  this  article  for  some  of  the 
facts  and  illustrations  used  in  this  and  the  preceding  paragraph. 
Used  by  permission  of  Charles  Scribner’s  Sons. 
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such  a  constant  ratio.  It  is  for  this  reason  that  statistical 
investigations  are  so  extremely  important  in  fields  where 
the  phenomena  are  highly  complex.  Insurance  companies, 
for  pxarnpjo,  .nrp.jiKlc  to  do  business  because  what  would 
"be  a  serious  risk  as  regards  the  individual,  ceases  to  be  such 
ijvhen  Targe  numbers  are  involved.  For  the  American  Ex¬ 
perience  Tabie~of  Mortality  shows  that  the  death  rate  ap¬ 
proximates  a  constant  ratio.  We  shall  take  up  more  in 
detail  the  value  of  statistics  after  we  have  considered  the 
methods  of  probability. 

The  student  should  especially  note  that  probability  as 
applied  to  large  aggregates  and  masses  of  facts  is  really 
an  extension  of  the  experiential  type  of  probability  in 
which  relatively  few  instances  are  examined,  and  that  such 
an  extension  has  to  be  made  whenever  we  attempt  to  verify 
to  the  very  limit  theoretical  probability.  Of  the  three  as¬ 
pects  of  probability,  its  application  to  aggregates  is  by  far 
the  most  important.  Probability  is  knowledge  of  the  actual 
ratio  of  variability  between  positive  and  negative  instances 
of  a  large  aggregate.  Such  a  variability,  determined  either 
by  extensive  enumeration  of  members  of  the  aggregation 
or  by  deduction  from  the  known  nature  of  the  collection 
under  consideration,  is  expressible  as  a  law  of  the  behavior 
of  the  separate  members.  All  such  laws  are  spoken  of  as 
probable  laws  to  distinguish  them  from  laws  of  nature  such 
as  the  law  of  gravitation,  which  are  invariable  in  the  sense 
that  the  events  or  instances  which  they  govern  are  all,  so 
far  as  is  known,  positive.  Since  the  events  or  instances 
with  which  probable  laws  deal  are  known  to  be  both  posi¬ 
tive  and  negative,  these  laws  possess  certainty  for  the  ag¬ 
gregate  or  total  collection,  but  only  a  degree  of  probability 
for  any  particular  member  of  the  collection. 
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THE  STATISTICAL  METHODS 

The  General  Nature  of  Statistics 

The  methods  by  which  probable  laws  are  determined  are 
usually  spoken  of  as  statistical  methods,  or  simply  as  sta¬ 
tistics.  The  word  comes  from  state.  As  modern  states 
grew  in  complexity  it  became  necessary  to  devise  methods 
for  collecting,  arranging  and  drawing  inferences  from 
large  masses  of  data  of  various  kinds.  Consider,  for  ex¬ 
ample,  such  a  problem  as  taking  a  census  of  a  nation.  Now 
such  data  gradually  came  to  be  known  as  statistical  data. 
An  extension  of  the  meaning  of  the  word  to  all  complex 
phenomena  in  which  it  is  impossible  to  get  at  the  actual 
causal  connections  was  the  next,  and  a  perfectly  logical 
development  of  statistical  theory.  Thus  the  general  field 
which  we  have  described  as  probability,  in  the  precise  log¬ 
ical  sense  of  the  word,  came  to  be  regarded  as  the  natural 
subject  matter  for  statistical  investigation.  Hence  the 
rather  vague  phrase,  statistical  methods,  has  come  to  mean 
the  very  elaborate  technique,  chiefly  mathematical,  which 
has  been  worked  out  to  deal  with  large  aggregates  or  masses 
of  phenomena.  This  technique  has  been  very  fruitfully 
employed  in  such  sciences  as  psychology,  education,  eco¬ 
nomics  and  socio’ogy,  but  it  has  also  been  used  to  advan¬ 
tage  in  solving  eprtain  problems  in  physics,  chemistry, 
mechanics  and  astronomy.  It  is  not  nossible  in  an  ele¬ 
mentary  textbook  in  logic  to  give  a  satisfactorv  treatment 
of  the  detailed  methods  which  constitute  statistics.  In  fact, 
statistics  has  become  a  separate  science  which  requires  a 
whole  book  for  its  exposition.  All  that  can  be  done  here 
is  to  present  the  broad  outlines  of  the  method. 
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To  do  this,  it  seems  best  to  distinguish  two  different  types 
of  statistical  method.  The  basis  of  this  distinction  is  to  be 
found  in  the  fact  that  large  aggregates  or  masses  of  facts 
are  of  two  very  different  sorts.  On  the  one  hand  we  fre¬ 
quently  have  the  problem  of  determining  the  actual  con¬ 
stitution  of  a  large  mass  of  homogeneous  material.  And, 
on  the  other  hand,  we  sometimes  have  to  determine  the 
actual  variability,  in  definite  numerical  terms,  of  large 
aggregates  of  heterogeneous  phenomena.  In  the  former 
case  the  method  of  sampling  is  employed  and  in  the  latter 
the  statistical  method  proper. 

The  Method  of  Sampling 

Assuming  that  the  aggregate  of  facts  with  which  we  are 
dealing  has  a  homogeneous  nature  or  a  determinant  con¬ 
stitution,  we  can  get  at  its  nature  by  taking  samples  and 
judging  the  whole  homogeneous  mass  by  the  samples.  In 
the  commercial  world  a  prodigious  amount  of  business  is 
carried  on  by  means  of  samples.  Thus  samples  of  cloth  are 
used  extensively  in  retail,  as  well  as  in  wholesale  trade. 
In  order  that  the  inference  from  the  samples  to  the  whole 
may  be  justifiable,  great  care  must  be  used  in  selecting 
the  samples.  Unless  every  sample  is  what  is  known  as  a 
fair  sample  the  inference  is  likely  to  be  false. 

To  obtain  a  fair  sample  two  things  are  necessary.  In  the 
first  place,  each  sample  must  be  chosen  at  random  from  the 
whole  collection.  For  otherwise  only  a  part  of  the  material 
or  collection  will  be  sampled.  Sometimes  this  is  accom¬ 
plished  by  sampling  the  samples.  That  is  to  say,  after  a 
large  number  of  samples,  say,  of  wheat,  have  been  selected 
at  random  from  a  large  quantity  of  wheat,  all  of  these  are 
mixed  together  into  a  small  heap  and  new  samples  are 
taken.  The  purpose  of  this  is  to  eliminate  all  subjective 
or  personal  factors  which  might  have  entered  into  the 
choice  of  any  sample.  But  not  only  must  the  samples  all 
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be  chosen  at  random,  they  must  also  be  chosen  independ¬ 
ently.  One  sample  must  not  be  used  in  any  way  to  influ¬ 
ence  the  selection  of  the  nest.  No  sample  can  be  discarded 
because  it  is  widely  different  from  the  others.  Each  sample 
must  be  allowed  to  add  its  contribution  to  the  inference  as 
to  the  nature  of  the  whole.  By  choosing’  samples  at  random 
from  the  whole  collection  and  by  selecting  each  sample  in¬ 
dependently  of  the  others,  we  get  what  logicians  call  fair 
samples.  Only  then  is  the  inference  from  the  samples  to 
the  whole  valid. 

To  show  that  the  method  of  sampling  has  been  fruitful 
in  scientific  investigations,  I  quote  from  Huxley’s  famous 
essay  entitled  A  Piece  of  Chalk. 


It  became  desirable  to  ascertain  and  to  indicate  the  nature  of 
the  sea  bottom,  since  this  circumstance  greatly  affects  its  goodness 
as  holding  ground  for  anchors.  .  .  .  Lieutenant  Brooke,  of  the 
American  Navy,  some  years  ago  invented  a  most  ingenious  ma¬ 
chine,  by  which  a  considerable  portion  of  the  superficial  layer  of 
the  sea  bottom  can  be  scooped  out  and  brought  up  from  any 
depth  to  which  the  lead  descends.  In  1853,  Lieutenant  Bi'ooke 
obtained  mud  from  the  bottom  of  the  North  Atlantic,  between 
Newfoundland  and  the  Azores,  at  a  depth  of  more  than  10,000 
feet,  or  two  miles,  by  the  help  of  this  sounding  apparatus.  The 
specimens  (samples)  were  sent  for  examination  to  Ehrenberg 
of  Berlin,  and  to  Bailey  of  West  Point,  and  those  able  micro- 
scopists  found  that  this  deep-sea  mud  was  almost  entirely  com¬ 
posed  of  the  skeletons  of  living  organisms — the  greater  propor¬ 
tion  of  these  being  just  like  the  Globigeriria  already  known  to 
occur  in  the  chalk.  Thus  far,  the  work  had  been  carried  on  simply 
in  the  interests  of  science,  but  Lieutenant  Brooke’s  method  of 
sounding  acquired  a  high  commercial  value,  when  the  enterprise 
of  laying  down  the  telegraph  cable  between  this  country  and  the 
United  States  was  undertaken.  For  it  became  a  matter  of  im¬ 
mense  importance  to  know,  not  only  the  depth  of  the  sea  over  the 
whole  line  along  which  the  cable  was  to  be  laid,  but  the  exact 
nature  of  the  bottom,  so  as  to  guard  against  chances  of  cutting 
or  fraying  the  strands  of  that  costly  rope.  The  British  Admir¬ 
alty,  therefore,  ordered  Captain  Dayman  to  ascertain  the  depth 
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over  the  whole  line  of  the  cable,  and  to  bring  back  specimens  of 
the  bottom.  He  performed  the  task  assigned  to  him  with  great 
expedition  and  precision.  The  result  of  all  these  operations  is 
that  we  know  the  contours  and  the  nature  of  the  surface  soil 
covered  by  the  North  Atlantic  for  a  distance  of  1,700  miles  from 
east  to  west,  as  well  as  we  know  that  of  any  part  of  the  dry  land. 
It  is  a  prodigious  plain — one  of  the  widest  and  most  even  plains 
in  the  world. 

Huxley  proves  here  conclusively  that  we  possess  almost 
certain  knowledge  of  the  nature  of  the  floor  of  the  Atlantic 
as  a  result  of  the  fair  samples  of  the  deep-sea  mud  brought 
to  the  surface  by  Lieutenant  Brooke’s  sounding  apparatus. 
No  better  illustration  could  be  given  of  the  value  of  the 
method  of  sampling  in  extending  human  knowledge. 

The  method  of  sampling  is  being  employed  extensively 
nowadays  in  educational  and  vocational  psychology.  Trade 
tests  afford  good  illustrations. 

Thus  a  truck  driver  is  measured  in  trade  skill  by  having  him 
make  a  sample  trip,  accompanied  by  the  judge.  But  the  tests  of 
different  men,  in  different  circumstances,  and  ratings  by  different 
judges,  are  given  objective  character  and  definition  by  their 
adhering  to  the  general  principles  of  a  mental  test.  A  standard 
outfit,  standard  trip,  specified  situations  and  emergencies,  pre¬ 
scribed  methods  of  scoring  and  of  interpreting  the  score,  give 
results  that  have  a  validity  far  exceeding  that  of  the  mere  subjec¬ 
tive  opinion  of  an  inspector.  The  “performance  test”  for  gen¬ 
eral  blacksmiths  neatly  illustrates  the  method  of  sampling, 
inasmuch  as  only  one  of  hundreds  of  possible  tasks  is  used.  But 
the  task  is  so  chosen  as  to  have  demonstrated  value  in  differen¬ 
tiating  the  various  skill  levels  recognizable  in  the  trade.  It  is 
thus  a  significant  sample  and  serves  as  an  index  of  the  total  equip¬ 
ment  of  information  and  skill  possessed  by  the  candidate.  In 
this  test,  standard  equipment,  materials  and  tools  are  provided, 
standard  instructions  formulated,  and  a  standard  scoring  plan 
prescribed.  The  candidate,  presented  with  a  blue-print  specifica¬ 
tion  for  the  making  of  a  twisted  hook  of  definite  shape  and  size, 
carries  out  to  the  best  of  his  ability  the  various  processes  of 
preparing,  welding,  twisting,  punching,  and  bending  the  materials 
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provided,  so  as  to  make  a  product  conforming  to  the  specifi¬ 
cation.1 

The  Statistical  Method  Proper 

The  statistical  method  proper  involves  four  separate 
steps.  Since  the  method  of  sampling  is  sometimes  used  in 
one  or  another  of  these  steps,  it  can  be  regarded  as  a  sub¬ 
sidiary  process  within  statistics.  But  inasmuch  as  it  is  very 
often  used  apart  from  the  more  involved  method  of  sta¬ 
tistics  it  is  justifiable  to  treat  it  as  a  separate  method.  How¬ 
ever,  the  fact  that  it  is  sometimes  used  as  a  subordinate 
phase  of  the  statistical  method  proper  proves  that  the  latter 
is  much  more  important  and  also  far  more  complicated. 

1.  Classification.  At  the  outset  of  a  statistical  inves¬ 
tigation  it  is  necessary  to  arrange  the  phenomena  under 
consideration  into  several  different  groups  known  as  classes. 
What  the  classes  are  in  a  given  case  will  be  determined 
primarily  by  the  purpose  of  the  investigation.  Indeed  the 
same  mass  of  phenomena  can  be  classified  in  various  ways, 
and  actually  are  so  classified  according  to  the  angle  from 
which  different  investigators  approach  them.  Sometimes 
it  requires  long  study  before  suitable  classes  can  be  made. 
Even  the  sending  out  of  a  questionnaire  involves  careful 
study,  for  here  each  question  is  really  a  class,  and  the 
separate  answers  obtained  from  different  individuals  are 
the  data  for  each  class.  Asking  the  right  question  is  not 
easy.  Yet  this  is  usually  much  easier  than  classifying 
properly  as  a  preliminary  to  an  extensive  survey,  such  as 
that  of  all  the  educational  institutions  of  a  state. 

2.  Enumeration.  After  provisional  classes  are  care¬ 
fully  distinguished,  the  investigator  is  ready  to  enumerate 
instances  of  the  phenomena  coming  under  each  class.  Such 
an  enumeration  should  be  very  extensive.  In  fact,  the 
more  exhaustively  the  data  are  enumerated  the  better,  for 


l  H.  L.  Hollingworth,  Judging  Human  Character,  pp.  155  /. 
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we  saw  above  that  the  probable  law  which  is  based  upon  the 
most  extensive  enumeration  is  the  most  certain.  It  is  this 
second  step  in  the  statistical  method  which  is  usually  spoken 
of  as  gathering  the  statistics.  Consider,  for  example,  the 
way  the  Departments  of  Agriculture  and  Commerce  of  the 
United  States  are  continually  gathering-  statistics  in  crop 
surveys  and  reports  of  imports  and  exports. 

3.  Ordering  the  Data.  After  the  statistics  are  gath¬ 
ered  it  is  necessary  to  arrange  those  for  each  class  into  a 
serial  order.  This  is  extremely  important  for  it  is  an  in¬ 
dispensable  preliminary  to  the  drawing  of  definite  con¬ 
clusions  from  the  data.  That  the  final  results  may  be  really 
trustworthy  the  same  principle  should  be  used  to  order 
each  series.  But  the  data  may  be  reordered  by  some  other 
principle.  The  principle  or  principles  actually  used  in 
ordering  a  series  of  statistical  data  will  be  determined  by 
the  kind  of  information  which  is  wanted.  Thus  this  step 
is  similar  to  classification,  only  it  follows,  instead  of  pre¬ 
ceding,  the  gathering  of  the  data. 

4.  Correlation  of  the  Separate  Series.  The  final  step 
in  the  method  of  statistics  is  to  correlate  the  separate  series. 
To  borrow  an  expressive  phrase  from  William  James,  “this 
is  where  the  investigator  begins  to  taste  the  milk  in  the 
coconut.  ’  ’  For  it  is  only  after  the  correlating  is  completed 
that  he  learns  the  actual  extent  of  the  connection  between 
the  various  sets  of  facts.  The  ratio  or  percentage  thus  ob¬ 
tained  is  the  exact  expression  of  the  probable  law  or  laws 
which  control  the  phenomena  under  consideration.  Of 
course,  in  the  working  out  of  the  correlation,  or  of  the 
various  correlations,  technical  mathematical  processes  are 
employed,  the  explanation  of  which  belongs  to  a  book  on 
statistics.2 

As  an  illustration  of  this  method,  consider  the  problem 


2  See  A.  L.  Bowley,  The  Elements  of  Statistics. 
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of  determining  the  difference  in  college  standing  at  the  end 
of  the  freshman  year  of  students  coming  from  good  high 
schools  as  compared  with  those  coming  from  poor  high 
schools.  This  problem  would  involve  a  number  of  differ¬ 
ent  classes  and  snb-classes.  Each  high  school  would  be  a 
separate  class.  Each  student  whose  record  was  studied 
would  also  be  a  class,  in  the  sense  in  which  the  word  is 
used  here.  And  each  subject,  for  example,  English,  physics 
and  mathematics,  would  be  a  class.  If  the  study  covered 
four  years  each  semester  would  be  another  class.  Note 
that  the  investigation  might  take  just  a  few  sample  high 
schools,  some  from  the  city  and  some  from  rural  districts. 
Moreover,  a  comparatively  few  students  might  be  consid¬ 
ered  as  samples.  Thus  in  this  first  step  the  method  of 
sampling  would  be  employed,  and  care  would  have  to  be 
used  to  select  fair  samples.  The  next  step  of  gathering 
the  statistics  would  be  to  go  to  the  records  and  get  all  of  the 
grades  for  each  semester  of  each  student  considered.  This 
would  also  have  to  be  done  for  the  same  students  during 
their  first  year  in  college.  The  tabulating  of  these  grades 
would  be  a  tedious  and  an  uninteresting  undertaking,  but 
it  is  the  only  way  any  one  could  reach  anything  like  a 
definite  solution  of  the  problem.  Next,  these  grades  would 
have  to  be  arranged  in  a  series  for  each  student.  Many 
such  series  could  be  made  according  to  whether  the  prin¬ 
ciple  of  ordering  was  the  percentage,  or  the  time  studied,  or 
something  else.  When  all  the  students  and  the  different 
institutions  are  taken  into  account,  it  is  evident  that  there 
would  be  a  great  many  different  series.  The  final  step 
would  be  to  correlate  these.  This  might  mean  several  dif¬ 
ferent  processes.  First  the  correlation  for  the  separate 
students  would  have  to  be  obtained,  and  then  for  the  dif¬ 
ferent  good  high  schools,  and  then  for  the  poor  high  schools 
and  the  colleges.  Further  correlations  would  reduce  the 
whole  thing  down  to  a  definite  difference  which  would 
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show  up  as  a  percentage  of  difference  between  students  com¬ 
ing  from  good  high  schools  and  those  coming  from  poor 
high  schools.  Thus  the  solution  of  such  a  problem  would 
require  weeks  and  weeks  of  hard  work. 

Consider,  also,  this  illustration  from  an  entirely  different 
field.  A  mariner  near  the  coast  of  Japan  noticed  that  the 
needle  of  his  compass  did  not  point  in  the  direction  of  a 
geographical  meridian  when  in  a  horizontal  plane,  as  it 
was  supposed  to  do.  The  Bureau  of  Coast  and  Geodetic 
Survey  solved  the  problem  by  gathering  statistics.  The 
problem  was  to  ascertain  the  amount  of  deviation  of  a  com¬ 
pass  needle  from  the  meridian  according  to  the  latitude  of 
the  place  at  which  the  observation  was  made.  Thus  the 
various  circles  of  latitude  were  the  classes  into  which  the 
phenomena  were  arranged.  An  enumeration  was  then 
made  of  the  angular  deviations  at  numerous  points  along 
each  latitude  circle,  and  these  results  were  arranged  in 
series  for  each  class.  The  principle  followed  was  that  of 
magnitude,  beginning  with  zero.  After  the  separate  series 
were  correlated  it  was  found  that  in  each  circle  of  latitude 
there  is  just  one  position  where  the  deviation  of  the  com¬ 
pass  needle  is  zero.  The  line  drawn  through  these  points 
has  been  called  the  agonic  line.  In  the  United  States  it 
passes  through  Michigan,  Ohio,  Kentucky,  Tennessee  and 
the  Carolinas.  The  correlation  further  revealed  that  east 
of  the  agonic  line  the  deviation  is  westward  and  west  of  the 
line  it  is  eastward  on  the  compass.  Moreover,  for  points  of 
equal  latitude  the  deviation  decreases  as  the  distance  from 
the  agonic  line  increases.  All  this  knowledge  was  reached 
by  an  application  of  the  statistical  method  to  the  phe¬ 
nomena  in  question. 

The  Values  and  Defects  of  Statistical  Method 

Just  at  present,  Ihe  statistical  method  is  in  high  favor 
among  scientists  in  fields  such  as  psychology,  sociology  and 
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economics.  Older  methods  have  been  discarded,  and  men 
are  applying  the  method  of  statistics  to  fields  of  study  to 
which  no  one  even  thought  of  applying  it  two  decades  ago. 
Indeed,  many  investigators  use  the  word  statistical  as  syn¬ 
onymous  with  scientific  method.  In  certain  fields  no  one  is 
regarded  as  scientific  who  is  not  an  adept  in  the  use  of 
statistics. 

Now,  although  recognizing  the  great  benefit  that  has 
come  to  mankind  as  a  result  of  the  discoveries  made  by  the 
statistical  method,  every  logician  is  in  duty  bound  to  point 
out  that  the  widespread  vogue  of  statistics  to-day  is,  to  a 
certain  extent,  a  passing  fad,  and  that  many  so-called  scien¬ 
tific  discussions  based  on  statistics  are  arbitrary  specula¬ 
tions  which  are  almost  the  polar  opposite  of  what  a  scien¬ 
tific  discussion  should  he.  “Figures  do  not  lie,  but  liars 
figure,”  is  a  popular  proverb  which  has  a  special  applica¬ 
tion  to  many  statistical  investigations.  There  are  two 
treacherous  sources  of  fallacy  which  must  be  guarded 
against.  In  the  first  place,  the  investigator  must  be  sure 
to  take  enough  instances  into  consideration  to  make  his 
conclusions  reliable.  Many  conclusions  which  are  heralded 
as  new  discoveries  are  based  on  insufficient  statistics.  Sec¬ 
ondly,  the  statistics  are  not  always  fair.  They  are  some¬ 
times  gathered  to  support  a  preconceived  idea.  Other  sta¬ 
tistics,  equally  reliable,  could  be  gathered  to  prove  the 
exact  opposite.  It  is  easy  to  overlook  the  part  of  the  facts 
which  are  against  one’s  own  view.  No  genuine  scientist 
ever  makes  hasty  generalizations  from  statistics  covering 
only  a  part  of  the  field,  but  it  must  be  admitted  that  pseudo¬ 
scientists  do. 

Trained  statisticians  are  seldom  guilty  of  overestimating 
the  value  of  statistics.  They  realize  that  all  such  studies 
are  dealing  with  probability,  and  are  hardly  to  be  com¬ 
pared  with  the  results  reached  in  the  exact  sciences.  The 
great  English  statistician,  Yule,  gives  as  fair  a  statement 
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of  the  real  place  of  the  statistical  method  as  could  he 
given.  He  writes : 

Statistics  should  be  regarded  as  ancillary,  not  essential.  They 
are  only  essential  where  the  subject  of  investigation  is  itself  an 
aggregate,  as  a  swarm  of  atoms,  or  a  crowd.  .  .  .  Statistical 
methods  are  only  necessary  in  so  far  as  experiment  fails  to  attain 
its  ideal,  the  ideal  of  only  permitting  one  causal  circumstance  to 
vary  at  a  time.  And  it  should  always  be  the  aim  of  the  experi¬ 
menter  not  to  revel  in  statistical  methods,  but  steadily  to  diminish 
by  continual  improvement  of  his  experimental  methods,  the 
necessity  for  their  use  and  the  influence  they  have  on  his  con¬ 
clusions.  Statistical  methods  are  not  only  ancillary;  they  are,  to 
the  experimenter,  a  warning  of  failure.3 

Yet,  although  admitting  that  “statistics  are  very  human” 
and  hence  may  lie,  if  the  human  manipulators  of  them  wish 
to  deceive,  we  must  not  forget  their  great  value  when 
properly  used.  “Like  dynamite  in  the  hands  of  a  mining 
engineer,  they  have  a  force  and  power  which  excite  admira¬ 
tion  when  they  are  used,  as  modem  business  is  tending 
more  and  more  to  employ  them,  to  blast  away  dead 
rock  and  strike  to  the  new,  rich  veins.”  As  this  comment 
suggests,  one  of  the  great  values  of  statistics  is  to  give  us 
a  comprehensive  grasp  of  actual  facts  that  are  so  complex 
as  to  be  unmanageable  by  any  other  method.  The  knowl¬ 
edge  which  statistics  give  us  of  social  and  economic  condi¬ 
tions  is  far  better  than  the  complete  absence  of  knowledge 
which  exists  in  the  minds  of  those  who  have  never  at¬ 
tempted  to  understand  the  problems.  And  in  the  second 
place  statistics  are  guides  to  action.  They  make  it  possible 
to  predict  the  future  with  considerable  accuracy.  As  the 
American  statistician,  Horace  Secrist,  has  well  said :  ‘  ‘  The 
old  idea  was  to  regard  statistics  as  records,  and  their 
analyses  as  a  means  of  explaining  past  performances,  but 
not  as  a  means  of  determining  future  activity.”  But  dur¬ 
ing  the  war  the  Federal  Trade  Commission,  The  War  In- 


3  British  Journal  of  Psychology,  Vol.  XII,  pp.  106/. 
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dustries  Board,  the  Army  and  the  Navy,  began  to  use  sta¬ 
tistics  and  statisticians  “for  developing  constructive  plans 
and  testing  the  degree  to  which  these  plans  were  realized  in 
actual  performance.”  Statistics  are  the  lanterns  by  which 
we  light  our  way  through  the  dense  darkness  of  the  future. 
Then,  too,  they  frequently  suggest  causal  connections  which 
would  otherwise  remain  hidden.  The  actual  presence  of 
these  causal  connections  can  then  be  worked  out  by  ex¬ 
periment.  It  is  this  that  Yule  had  in  mind  in  referring 
to  statistics  as  ancillary.  They  are  valuable  to  the  experi¬ 
menter  because  they  suggest  to  him  fruitful  hypotheses 
which  can  be  worked  out  by  other  methods. 

Exercise  XIII 

1.  In  the  following,  a  method  employed  in  bacteriology  is 
described.  Is  it  equivalent  to  the  method  of  sampling?  Give 
reason  for  your  answer. 

In  the  fractional  method  (used  by  Lord  Lister  in  his  study  of  the 
bacteriology  of  milk,  when  he  wished  to  ascertain  what  different 
kinds  of  bacteria  are  present  in  normal  dairy  milk  and  to  separate 
them  from  one  another  for  study)  the  number  of  bacteria  of  all  kinds 
present  in  a  cubic  millimeter  of  the  liquid  under  examination  is 
counted  by  spreading  it  on  a  “squared”  glass  plate  under  the 
microscope.  Supposing  it  is  found  that  there  are  about  one  thou¬ 
sand  organisms  present  in  the  cubic  millimeter,  then  we  dilute  the 
quantity  of  the  liquid  with  one  thousand  millimeters  of  pure  steril¬ 
ized  water  and  agitate  the  mixture.  Now  we  have  produced  a  liquid 
containing  one  organism  to  every  cubic  millimeter  of  its  bulk.  If 
a  cubic  millimeter  be  removed  by  a  graduated  dipping-tube,  it  will 
probably  contain  a  single  organism.  Fifty  such  measured  cubic 
millimeters  may  be  consecutively  removed  and  placed  each  in  a  tube 
of  sterilized  nourishing  or  culture  fluid.  In  some  no  infection  will 
take  place,  in  a  few  others  an  infection  by  two  or  even  three  kinds. 
But  in  a  large  majority  the  experimenter  will  obtain  infection  by 
a  single  microbe,  and  therefore  a  pure  culture  of  that  one  kind, 
which  he  can  proceed  to  study  and  to  cultivate  (J.  A.  Thomson,  The 
Outline  of  Science,  p.  898 ) . 

2.  Criticize  the  following  examples  of  the  method  of  sampling, 
with  special  reference  to  whether  they  conform  to  the  rules  for 
a  fair  sample: 
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(a)  Having  found  that  bacteria  capable  of  attacking  organic 
antiseptics  occurred  in  Rotliamsted  soil,  it  was  necessary  to  decide, 
firstly  whether  similar  organisms  were  common  in  other  soils,  and 
secondly ,  which  of  the  various  bacteria  isolated  were  of  chief  impor- 
tance  in  causing  these  antiseptics  to  decompose  in  the  soil  itself, 
lo  settle  this  first  question,  about  150  soil  samples  were  collected 
with  piecautions  to  exclude  outside  contamination,  from  a  wide  area 

,at.  ®"tain’  and  the  Phenol,  cresol,  and  naphthaline  bacteria 
were  isolated  from  them.  It  was  found  that,  although  some  200 
strains  of  antiseptic-decomposing  bacteria  were  obtained  from  over 

nll!®  Tde  area’  tl\e?  f*U  int0  four  main  groups,  three  of  which  had 
alieady  been  found  in  Rothamsted  soil  ( Discovery ,  Vol.  IV,  pp.  154  f ). 

frmn>Tn  COn™rcti°n  w?th  t]ie  recommendation  of  clerks  and  assistants 
from  among  the  boys  in  commercial  high  schools,  it  is  common  to  test 

fW  If7  fr°m  time  t0  tlme  through  their  course  by  assigning 
hem  small  pieces  of  work  similar  to  that  which  they  might  later 
e  required  to  perform  in  business  offices  and  shops.  Finding 
addresses  and  numbers  in  a  telephone  directory,  carrying  out  involved 
verbal  instructions  and  directions  from  memory,  computing  calcula- 
tions,  recommending  action  on  the  basis  of  their  figures  making 

tMs  tvneof  t  rCGT  a  tT!&-  Chemical  analysis,  are  common  forms  of 
this  type  of  test  In  certain  cases  such  specimens  of  work  have  been 

evised  in  or  taken  into  the  psychological  laboratory  and  the  worker 

watched  more  closely  and  measured  more  exactly  (Ho  lingworth 
Judging  Human  Character,  p.  153).  ^  v-uouingworui, 

in  g°/e™nt’  havi”g  decided  to  advertise  the  hat  industry 

a  certain  locality,  sent  several  hats  from  different  factories  to  a 

f,“r  m  Different  kinds  of  1st,  were  sent-Sfferent 

“jss  m  Lflt™ctir 

3.  Show  how  the  statistical  method  would  be  used  in  investi- 
g  mg  such  problems  as  the  following.  Be  sure  to  bring  out  the 
foui  separate  steps  of  the  method. 

(a)  The  products  being  imported  into  this  country  which  yield 
the  largest  amount  of  tariff.  J  y 

(&)  The  magazines  read  by  different  classes  of  people  in  a  large 
aE  dftermined  by  income  of  the  readers. 

(c)  The  relation  between  the  increase  in  the  divorce  rate  for  a 
given  state,  for  example,  Ohio,  and  the  increase  in  population. 

eitvTn  T?  6  8tate  and  l0Cal  asaes9ment  on  prop¬ 
erty  in  a  given  state,  say,  Ohio.  "  ^ 
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4.  The  following  is  a  statement  of  the  net  expenditures  of  the 
United  States  government  for  the  fiscal  year  ending  June  thir¬ 
tieth,  1920,  as  given  by  Ogg  and  Ray,  in  their  Introduction  to 
American  Government.  Analyze  this  example  so  as  to  show 
how  it  exemplifies  each  of  the  four  steps  of  the  statistical  method 
proper. 


(a) 


(6) 


(o) 

(d) 

(e) 

(/) 


( 9 ) 
( h ) 


Maintenance  of  the  executive,  legislative, 
and  judicial  branches  of  the  government, 
including  the  diplomatic  and  consular  serv¬ 
ices  abroad,  the  Interstate  Commerce  Com¬ 
mission,  the  Federal  Trade  Commission 

and  penal  institutions . 

Scientific  research,  education,  and  develop¬ 
mental  work,  including  the  Library  of 
Congress,  the  Smithsonian  Institute,  the 
public  health  service,  and  public  parks 
Public  works,  including  river  and  harbor 
improvements,  public  buildings,  the  recla¬ 
mation  service,  and  the  Alaskan  railroad  . 
The  army  and  navy,  maintenance  and  de¬ 
velopment,  and  fortifications  .... 
Pensions  and  the  care  of  soldiers,  includ¬ 
ing  war-risk  insurance . 

Obligations  arising  out  of  the  World  War, 
including  the  deficit  of  the  Railroad 
Administration,  the  Shipping  Board,  fed¬ 
eral  control  of  telegraphs  and  telephones, 
and  the  food,  fuel,  and  war  labor  ad¬ 
ministrations  . 

Interest  on  the  national  debt  .... 
Public  debt,  loans  and  trust  funds  . 


$224,110,594.00 

57,368,774.00 

83,071,042.00 

1,348,892,747.00 

329,261,746.00 


634,695,684.00 

929,131,128.00 

1,079,181,723.00 


Total 


$5,687,712,848.00 


Stated  more  concisely,  three  per  cent  of  the  appropriations  for 
the  fiscal  year,  1920,  went  for  general  governmental  purposes  (legis¬ 
lative,  executive,  and  judicial)  ;  three  per  cent  was  expended  on 
public  works ;  one  per  cent  was  devoted  to  research,  education,  and 
development  and  ninety-three  per  cent  went  for  the  army,  the  navy, 
railroad  deficit,  shipping  board,  pensions,  war  risk  insurance,  and 
interest  on  the  public  debt,  practically  all  of  which  were  obligations 
arising  either  from  an  actual  war  or  from  preparations  for  pos¬ 
sible  future  wars. 
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CHAPTER  XIX 


CAUSALITY 

Causality,  as  William  James  has  well  said,  is  an  altar  to 
an  unknown  god.  For  it  is  a  conception  which  dominates 
our  thinking  to  an  almost  unbelievable  extent,  and  yet  every 
attempt  to  comprehend  its  inner  nature  is  confronted  with 
overwhelming  difficulties.  Causality  is  another  one  of  those 
peculiar  things  to  which  St.  Augustine’s  principle  is  appli¬ 
cable  :  “If  you  ask  me  what  causality  is  I  do  not  know,  but 
if  you  do  not  ask  me  I  know.”  Yet  it  is  the  business  of  a 
logician  to  throw  what  light  he  can  on  such  concepts.  What, 
then,  is  meant  by  such  terms  as  cause ,  causation  or  causal¬ 
ity?  What  is  the  actual  reality  to  which  such  terms  refer? 

The  Law  of  Causation 

The  first  essential  to  the  understanding  of  causality  is  to 
distinguish  carefully  the  so-called  law  of  causation  or  prin¬ 
ciple  of  causality  from  concrete  causal  relations.  Accord¬ 
ing  to  this  law  or  principle,  every  event  which  happens  in 
the  universe  is  the  result  of  some  previous  event  or  events , 
without  which  it  could  not  have  happened,  and  with  which 
being  present,  it  must  happen.  Many  discussions  of  causal¬ 
ity  are  primarily  concerned  with  this  law.  How  to  prove  it, 
or  whether  it  can  be  established  inductively  or  by  experience, 
is  one  of  the  problems.  Whether  it  is  a  purely  man-made 
principle,  or,  on  the  other  hand,  an  expression  of  the  ac¬ 
tual  nature  of  things  is  another  much-argued  point.  These 
questions  were  considered  somewhat  in  our  discussion  of 
the  assumption  of  induction,  and  we  shall  return  to  them 
again  in  our  account  of  the  nature  of  explanation.  For  it 
is  generally  admitted  that  the  law  of  causation  is  equivalent 
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to  the  law  of  the  uniformity  of  nature  which  was  inter¬ 
preted  above.  In  fact,  I  regard  these  phrases  as  strictly 
synonymous.  The  law  of  causation  is  simply  another  way 
of  stating  the  basic  assumption  behind  all  science.  Its  very 
essence  is  an  insistence  upon  the  universality  of  the  reign 
of  law,  and  science  cannot  move  an  inch  without  making 
this  assumption. 

What  we  are  here  concerned  with,  however,  is  not  this 
universal  principle  according  to  which  causal  relations  are 
held  to  be  absolutely  limitless  in  their  extent,  being  co¬ 
extensive  with  the  whole  of  nature,  but  with  what  is  meant 
by  any  particular  causal  nexus.  We  are  here  raising  the 
question  of  the  nature  of  a  causal  nexus,  rather  than  the 
question  of  the  validity  of  the  law  of  causation  or  the  prin¬ 
ciple  of  causality.  Just  what  is  meant  by  saying  that  one 
thing  or  event  causes  another  or  is  the  effect  of  another — 
this  is  the  question  with  which  we  are  concerned. 

Now,  it  is  generally  agreed  among  logicians  that  causality 
is  a  relation.  It  comes  under  the  category  of  relation.  But 
just  what  kind  of  a  relation  is  it  ?  How  are  we  to  conceive 
of  its  inner  nature?  This  is  the  real  causal  problem  with 
which  we  must  wrestle.  The  problem  connected  with  the 
law  of  causation  is  quite  different  from  this,  being  one  with 
the  problem  of  the  inductive  leap  or  the  basic  assumption 
of  induction.  That  question  is  not  here  raised  because  we 
disposed  of  it  above.  What  we  now  are  seeking  is  a  defi¬ 
nition  which  will  state  the  essential  intensive  nature  of  the 
unknown  god  called  causality. 

A  Critical  Analysis  of  the  Conception  of  Causation 

Let  us  begin  with  the  notion  of  cause  held  by  the  “man 
in  the  street,”  the  naive  person  who  has  never  studied  the 
question  but  who  constantly  uses  the  concept.  And  to  take 
a  specific  instance,  What  does  the  average  person  mean 
when  he  says  that  a  stone  is  the  cause  of  a  certain  broken 
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windoAv  pane  ?  Now  lie  means  at  least  three  different  things, 
an  account  of  which  will  lead  us  into  the  very  heart  of  the 
problem  and  difficulties  of  causality.  Of  course,  he  may 
not  be  conscious  of  meaning  these  tilings  every  time  he 
uses  the  word  cause,  but  if  he  is  pressed  these  are  the  things 
he  will  insist  upon. 

In  the  first  place,  he  means  that  there  is  some  power  or 
energy  resident  in  the  stone,  which  is  released  somehow 
in  the  event  known  as  the  striking  of  the  glass,  and,  being 
released,  'produces  the  effect  of  breaking  the  glass.  Thus 
the  moving  stone  is  one  event,  its  contact  with  the  glass 
being  the  culmination  of  that  event,  and  the  breaking  of 
the  glass  is  another  event.  The  former  is  the  cause  and  the 
latter  is  the  effect.  Every  cause  is  assumed  by  the  man  in 
the  street  to  be  a  certain  amount  of  released  energy  which 
effects  something.  Note  how  this  idea  is  inherent  in  the  very 
word  effect.  Perhaps  this  conception  of  efficient  action  is 
the  most  prominent  element  in  causality  so  far  as  the  man 
in  the  street  is  concerned. 

And  in  the  second  place,  this  view  implies  also  the  idea 
of  a  necessary  connection  between  the  two  events,  between 
a  moving  stone  striking  a  glass  with  sufficient  force  and  the 
glass  breaking.  This  necessity  means  invariability .  Cause 
and  effect  are  so  related  to  each  other  that  whenever  the 
cause  occurs  the  event  known  as  the  effect  must  also  occur, 
unless  prevented  by  what  are  known  as  counteracting 
causes.  Given  an  effect  and  a  cause  must  be  lurking  near. 
Given  a  cause  and  we  may  be  sure  of  some  effect  taking 
place.  One  cannot  exist  without  the  other.  For  instance, 
if  some  magician  in  a  vaudeville  performance  hurls  what 
looks  to  be  a  stone  with  great  force  against  what  looks  to 
be  a  pane  of  window  glass,  and  the  glass  does  not  break, 
the  man  in  the  street  will  say  that  it  is  a  trick.  Either  it 
is  not  a  real  stone  or  it  is  not  a  real  pane  of  glass,  or  the 
stone  did  not  actually  strike  the  glass,  or  something  else 
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has  entered  in  to  prevent  the  causal  operation  from  taking 
place.  This  conception  of  necessary  connection  between  a 
cause  and  its  effect  is  a  very  essential  element  in  the 
popular  conception  of  causality. 

The  third  element  is  temporal  sequence.  The  cause  pre¬ 
cedes  the  effect.  The  effect  follows  the  cause.  According 
to  the  man  in  the  street  the  glass  will  not  break  until  after 
it  is  struck  by  the  stone.  The  causal  relation  involves  a 
definite  and  an  irreversible  temporal  sequence  such  that 
cause  must  stand  first  and  effect  second,  cause  must  precede 
and  effect  follow.  Even  when  the  two  seem  to  be  simul¬ 
taneous  the  man  in  the  street  thinks  that  there  is  a  succes¬ 
sion  involved,  only  he  would  say  that  the  interval  of  time 
between  the  stone  striking  and  the  glass  breaking  is  so  small 
that  no  timepiece  can  measure  it.  Behind  the  temporal 
sequence  idea  is  the  tacit  assumption  that  the  world  is  made 
up  of  isolated  events,  following  one  another  in  rapid  se¬ 
quence,  but  still  readily  distinguishable  from  each  other 
and  forming  a  causal  series.  Hence  this  theory  has  been 
well  characterized  as  the  “bead  theory  of  causality,”  the 
causal  series  being  like  a  string  of  beads.  The  idea  that  the 
cause  must  precede  and  the  effect  must  follow  really  mixes 
up  the  idea  of  necessary  connection  with  the  idea  of  tem¬ 
poral  sequence,  but  the  two  are  distinct  elements  in  the 
popular  conception  of  causality. 

What,  now,  is  to  be  thought  of  this  apparently  plausible 
account  of  the  nature  of  causality  which  the  average  naive 
person  holds?  Is  it  tenable,  or  does  subjecting  it  to  criti¬ 
cism  make  it  fall  like  a  house  of  cards  ? 

Well,  it  is  obvious  that  the  notion  of  there  being  a  power 
in  the  stone  which  produces  the  effect  is  a  very  crude  idea. 
In  fact,  it  is  on  a  level  with  the  idea  of  the  savage  known 
as  animism — the  belief  that  everything  is  alive  like  him¬ 
self,  and  it  is  simply  a  survival  of  that  idea.  For  it  un¬ 
doubtedly  comes  from  our  own  experience  of  exerting  ef- 
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fort  when  we  produce  a  certain  effect,  or  from  our  feeling 
of  restraint  when  something  prevents  us  from  doing  a 
thing.  Certain  it  is  that  we  are  here  explaining  one  mys¬ 
tery  by  another,  for,  as  David  Hume  pointed  out,  “the 
connection  between  the  movement  of  my  limbs,  and  what  I 
regard  as  the  psychical  cause  thereof,  is  no  more  intelligible 
to  me  than  that  between  their  movement  and  the  movement 
of  a  body  which  they  strike.  ’  ’  And,  in  any  case,  we  cannot 
see  or  perceive  the  power  in  the  stone  wdiich  is  supposed  to 
break  the  glass.  Then  how  do  we  know  it  is  there  ?  The 
human  mind  is  incapable  of  forming  any  conception  of  an 
“influence”  passing  from  the  cause  over  to  produce  an 
effect.  And  even  though  it  were  possible  to  form  a  clear 
conception  of  it,  how  would  this  help  us  to  comprehend  the 
nature  of  causality  ?  It  is  a  one-sided  view  which  attempts 
to  make  the  causal  relation  wholly  dependent  upon  the 
cause.  “So  long  as  the  cause  is  looked  upon  as  what,  by 
its  action,  exclusively  determines  the  nature  of  the  effect 
in  a  purely  passive  object,  efficiency  is  perhaps  impossible 
as  well  as  inconceivable.  The  action  of  A  on  B  cannot  be 
grounded  in  A  alone ;  the  change  attributed  to  A  as  cause 
must  be  determined  in  part  by  B  also.  For  it  depends 
npon  the  nature  of  B  how  B  will  behave  under  A’s  action. 
The  sun  which  softens  wax  hardens  clay.  The  popular  view 
of  causal  action,  in  grounding  the  change  of  B  entirely  in 
A,  is  therefore  one-sided.  The  action  must  be  reciprocal. 
In  physics  this  receives  expression  in  Newton’s  third  law 
of  motion :  ‘  Action  and  reaction  are  equal  and  opposite.  ’ 

Causation,  then,  is  interaction ;  cause  and  effect  are  simul¬ 
taneous  ;  the  effect  is  not  contained  in  the  cause ;  there  is 
not  a  passive  factor.”  1  Hence  this  part  of  the  popular  no¬ 
tion  of  cause  is  full  of  obscurities. 

i  F.  R.  Tennant,  in  the  article  entitled  “Cause,”  in  Encyclopedia  of 
Religion  and  Ethics.  This  and  the  quotation  from  Tennant  below  are 
used  with  the  permission  of  Charles  Scribner’s  Sons. 
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In  like  manner,  David  Hume  and  J olin  Stuart  Mill  tried 
to  eliminate  from  the  conception  of  causality  the  idea  of 
necessary  connection,  but  with  less  success.  Hume  says 
that  the  necessity  which  we  infer  to  exist  between  a  cause 
and  its  effect  is  entirely  due  to  custom  or  habit.  Because 
we  have  seen  one  thing  follow  another  many  times  in  the 
past,  we  expect  it  to  follow  again  when  the  cause  recurs. 
In  answer  to  this,  it  should  be  pointed  out  that  we  speak 
of  a  thing  as  a  cause,  in  unique  cases  where  the  particular 
thing  in  question  was  never  before  experienced.  And  we 
do  so  simply  because  we  recognize  the  existence  of  a  neces¬ 
sary  connection  in  the  situation.  Mill  follows  Hume  in 
stripping  from  the  popular  conception  of  causality  the  idea 
of  necessary  connection,  as  well  as  the  idea  of  a  power  to 
produce.  He  defines  a  cause  as  an  “invariable  antecedent,” 
which  is  also  “unconditional.”  But  the  words  invariable 
and  unconditional  are  really  synonyms  for  necessary  con¬ 
nection.  Hence  his  attempt  to  eliminate  from  the  concep¬ 
tion  of  cause  this  idea  of  necessary  connection  fails.  “We 
do  mean  something  by  the  words  necessity  and  connection 
and  know  what  we  mean,  even  though  we  are  unable  to  see 
between  what  changes  in  a  changing*  wrorld  connection  lies. 
Within  the  fields  of  geometry  and  mathematics,  and  in 
philosophical  inquiries,  we  see  this  necessarily  to  involve 
that,  and  the  connections  are  apprehended  with  their  terms. 
In  that  which  changes  we  realize  that  there  must  be  con¬ 
nection  between  successive  states,  without  knowing  what 
is  connected  with  what;  we  understand  that  a  cause  pro¬ 
duces  its  effect  necessarily,  without  understanding  that  it 
must  produce  just  this  or  that  effect”  (Joseph,  p.  406).  In 
this  sense,  then,  the  idea  of  necessary  connection  can  and 
must  be  retained  as  one  of  the  essential  features  of  the  causal 
relation. 

But  what  about  temporal  sequence?  According  to  Mill 
and  Hume  this  is  the  very  life  blood  of  causal  relations. 
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But  in  the  light  of  modern  knowledge  their  view  is  highly 
questionable.  The  new  idea  of  time  or  duration  as  a  con¬ 
tinuous  process,  or,  more  briefly,  the  idea  of  continuity, 
makes  it  impossible  to  conceive  of  any  separation  between 
cause  and  effect.  The  causal  relation  must  be  strictly  con¬ 
tinuous.  This  makes  it  impossible  to  separate  the  cause 
from  the  effect,  as  beads  on  a  string  are  separated.  “A 
body,  A,  cannot  be  said  to  act  causally  on  another,  B,  if, 
while  A  is  changing,  B  is  not.  A  cause  is  a  cause  only  in 
so  far  as,  and  at  the  moment  in  which,  it  produces  its 
effect;  just  as  a  soldier  is  a  target  only  when  he  is  being1 
the  object  of  a  marksman’s  aim.  If  causation  is  produc¬ 
tion  of  change,  then  cause  and  effect  would  seem  to  be 
necessarily  simultaneous.  We  speak,  indeed,  of  the  swal¬ 
lowing  of  poison  as  the  cause  of  a  subsequent  death ;  but  in 
thus  singling  out  one  event  in  a  series  and  calling  it  the 
cause  of  a  later  one,  we  are  using  language  which  may  be 
convenient,  but  which  is  certainly  arbitrary  and  inaccu¬ 
rate.  Between  the  act  of  swallowing  and  the  cessation  of 
life,  a  physiologist  could  distinguish  many  successive  events, 
each  of  which  may  equally  claim  the  title  of  cause  of  the 
final  effect.  Indeed,  every  event  permits  of  conceptual 
division  into  parts,  ad  infinitum;  it  is  really  a  system  of 
events,  and  these  are  again  systems  of  a  higher  order. 
Science  resolves  planets,  for  instance,  into  atoms,  and  these 
into  electrons ;  a  flash  of  light  into  waves  caused  by  vibra¬ 
tions”  (Tennant).  Here  is  brought  out  the  fact  that  the 
idea  of  cause  has  to  give  way  to  the  idea  of  system — our 
inferential  whole  or  implicative  system.  The  real  meaning 
of  the  causal  relation  is  this  idea  of  an  underlying  system 
in  which  the  connection  is  grounded. 

Summing  up  the  above  discussion,  we  may  say  that  a 
causal  relation  is  a  continuous  connection  within  a  series  of 
events  constituting  an  implicative  system,  some  of  which 
may  be  singled  out  as  constituting  the  cause  and  others  as 
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constituting  the  effect.  The  important  element  is  the  neces¬ 
sary  connection  which  forms  the  continuity  in  the  series. 
This  is  the  modern  conception  of  causality.  Wherever  a 
constant  coexistence  or  a  regular  sequence  in  events  indi¬ 
cates  a  necessary  connection  the  events  in  question  are  said 
to  exhibit  the  causal  relation.  This  is  the  real  meaning  of 
causality  in  science. 

Difficulties  in  Determining  Causal  Relations 

The  actual  existence  of  a  causal  relation  in  a  given  group 
of  phenomena  is  frequently  exceedingly  difficult  to  deter¬ 
mine.  Mill’s  experimental  methods  are  formal  statements 
of  the  methods  employed  by  scientists  in  determining  causal 
relations,  but  before  explaining  them  let  us  consider  three 
difficulties  which  are  often  met  with  in  applying  them  to  a 
concrete  problem. 

1.  In  the  first  place,  we  sometimes  meet  with  what  is 
known  as  a  reciprocity  of  phenomena.  This  really  means 
that  the  causal  relation  is  hard  to  find  when  the  phenomena 
or  events  are  coexistent  instead  of  successive.  Consider, 
for  example,  the  phenomenon  of  a  burning  candle.  It  is 
hard  to  say  whether  the  melting  wax  is  cause  or  effect.  In 
fact,  the  flame  is  the  cause  of  the  melting  of  the  tallow  or 
wax,  and  the  melting  of  the  wax  is  the  cause  of  the  flame. 
Here  we  have  a  case  of  the  same  event  being  both  cause 
and  effect. 

2.  In  the  second  place  we  often  get  a  plurality  of  causes. 
When  the  cause  of  a  death  is  sought  the  answer  might  ap¬ 
pear  simple,  but  usually  there  are  numerous  causes  at  work, 
some  of  which  can  hardly  be  isolated.  In  fact,  Mill  was 
finally  led  to  the  view  that  the  cause  of  every  event  is  the 
sum-total  of  events  in  the  universe  which  precede  it.  Then 
he  made  the  distinction  between  the  remote  and  the  imme¬ 
diate  cause  or  causes  of  an  event.  Usually  a  scientist  is 
primarily  interested  in  finding  the  immediate  cause.  This 


CAUSALITY 


261 


distinction  applies  also  to  the  effect.  There  are  imme¬ 
diate  and  remote  effects.  A  single  human  act  frequently 
carries  in  its  train  a  veritable  maze  of  consequences  or 
effects.  That  is  why  it  is  so  difficult  to  pass  a  fair  judgment 
on  the  conduct  of  another. 

3.  And  this  leads  to  a  third  difficulty  usually  known  as 
the  complexify  of  phenomena.  In  dealing  with  probability 
we  were  really  dealing  with  exceedingly  complex  phenom¬ 
ena  where  the  causal  methods  are  blocked,  and  the  investi¬ 
gator  has  to  rely  upon  statistical  enumeration.  But  even  in 
cases  where  the  causal  methods  are  applicable,  the  phe¬ 
nomena  are  sometimes  so  highly  complicated  that  it  takes 
years  of  experimentation  to  unravel  the  various  causal 
strands,  thereby  effecting  a  complete  solution  of  the  prob¬ 
lem.  Scientists  have  to  work  piecemeal,  isolating  first  one 
causal  nexus  and  then  another.  It  may  even  fall  to  the 
lot  of  some  later  thinker  to  discover  the  cause  of  the  resid¬ 
ual  phenomena,  those  which  have  not  been  explained  in 
the  discovery  of  such  causal  relations  as  have  been  brought 
to  light  by  previous  investigators. 
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mill’s  methods:  agreement  and  difference 

Origin  and  Basic  Principles  of  Mill’s  Methods 

John  Stuart  Mill’s  five  experimental  methods  are  the 
most  substantial  innovation  which  he  introduced  into  logic, 
as  it  was  represented  in  his  day  by  men  whom  Bosanquet 
has  well  characterized  as  “degenerate  representatives  of 
Aristotle.”  It  is  for  this  reason  that  he  ranks  as  one  of 
the  great  reformers  in  the  science  of  logic.  But  like  most 
other  innovations  this  one  was  not  altogether  original.  For 
before  Mill  there  had  been  two  separate  lines  of  develop¬ 
ment  of  scientific  method.  One  of  these  was  the  purely 
logical  development  initiated  by  Francis  Bacon.  The  other 
was  the  scientific  development  initiated  by  AVilliam  Gil¬ 
bert,  but  greatly  enriched  by  Sir  Isaac  Newton  and  Sir 
John  Herschel,  the  latter  being  a  contemporary  of  Mill. 
The  greatness  of  Mill  consists  in  his  bringing  together 
these  parallel  lines  of  development,  and  in  his  giving  a 
more  precise  formulation  of  the  methods  than  had  hitherto 
been  given  either  by  the  logicians  or  the  scientists.  He 
had  an  admirable  grasp  of  the  methods  by  which  a  scientist 
deals  with  his  concrete  problems,  and  a  thorough  knowl¬ 
edge  of  the  history  of  logic,  especially  of  the  inductive 
logic  which  Bacon  founded.  This  gave  him  just  the  neces¬ 
sary  equipment  for  working  out  in  precise  logical  form 
the  methods  used  in  scientific  investigations.  In  his  account 
of  the  methods,  Mill  acknowledges  his  obligations  to  Bacon 
when  he  says  that  the  principles  underlying  his  methods 
have  “been  known,  since  the  time  of  Bacon,  to  be  the 
foundation  of  experimental  inquiry.  ’  ’  And  he  also  admits 
his  indebtedness  to  Sir  John  Herschel ’s  Discourse  on  the 
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Study  of  Natural  Philosophy,  a  work,  as  he  says,  ‘  replete 
with  admirably  selected  exemplifications  of  inductive  proc¬ 
esses  from  almost  every  department  of  physical  science, 
and  in  which  alone,  of  all  books  which  I  have  met  with, 
the  methods  of  induction  are  recognized,  although  not 
characterized  and  defined  nor  their  correlation  shown,  so 
distinctly  as  has  appeared  to  me  desirable.  ’  ’ 1 

It  is,  therefore,  a  mistake  to  think  that  Mill  originated 
these  methods.  They  are  all  the  more  important  because 
he  took  them  from  one  of  the  great  scientists  and  correlated 
them  with  the  discussion  of  method  in  Francis  Bacon  s 
Novum  Organum.  For  Bacon’s  famous  tables  of  (1)  pres¬ 
ences,  (2)  absences  and  (3)  degrees  are  the  germs  of  the 
methods  of  agreement ,  difference  and  concomitant  varia¬ 
tions.  And  since  Bacon  was  also  indebted  to  the  great 
scientist,  Sir  William  Gilbert,  for  the  principles  underlying 
his  tables,  these  methods  may  be  said  to  be  doubly  indebted 
to  men  of  science.2 

Mill  understood  full  well  that  his  five  methods,  or  as  he 
sometimes  called  them,  canons,  are  all  based  on  just  two 
principles.  He  wrote:  “The  simplest  and  most  obvious 
modes  of  singling  out  from  among  the  circumstances  which 
precede  or  follow  a  phenomenon,  those  with  which  it  is 
really  connected  by  an  invariable  law,  are  two  in  number. 
One  is,  by  comparing  together  different  instances  in  which 
the  phenomenon  occurs.  The  other  is  by  comparing  in¬ 
stances  in  which  the  phenomenon  does  occur,  with  instances 
in  other  respects  similar  in  which  it  does  not.  These  two 
methods  may  be  respectively  denominated  the  method  of 
agreement  and  the  method  of  difference.”  Consequently, 
Mill  himself  tacitly  implies  that  the  joint  method  of  agree¬ 
ment  and  difference,  the  method  of  concomitant  variations 


1  John  Stuart  Mill,  Logic,  Bk.  Ill,  Ch.  IX. 

2  See  Ch.  XXV,  p.  338,  especially  the  note. 
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and  the  method  of  residues  are  all  corollaries  of  these  two. 
Moreover,  as  we  shall  soon  see,  the  method  of  agreement  is 
really  only  a  preliminary  stage  in  the  method  of  difference. 
Hence  the  one  basic  method  among  the  five  is  the  method 
of  difference.  It  is  essentially  identical  with  what  the  scien¬ 
tist  calls  the  method  of  experiment.  Or,  to  express  it  dif¬ 
ferently,  Mill’s  method  of  difference  is  the  method  of  ex¬ 
periment  par  excellence. 

The  Method  of  Agreement 

Mill’s  statement  of  this  method  is  as  follows:  “If  one 
or  more  instances  of  the  phenomenon  under  investigation 
have  only  one  circumstance  in  common,  the  circumstance 
in  which  alone  all  the  instances  agree  is  the  cause  (or 
effect)  of  the  given  phenomenon.”  Now,  as  previously  ex¬ 
plained,  instances  in  which  the  phenomenon  is  present  are 
called  positive  instances.  Hence  this  method  operates  only 
with  positive  instances.  But  it  emphasizes  variety  rather 
than  number  in  that  the  positive  instances  should  differ  in 
every  circumstance  save  only  one.  Hence  this  method  can 
be  stated  much  more  simply :  The  sole  invariable  circum¬ 
stance  accompanying  a  phenomenon  is  causally  connected 
with  the  phenomenon.  Or,  as  Jevons  expresses  it:  “The 
sole  invariable  antecedent  of  a  phenomenon  is  probably  its 
cause,  and  the  sole  invariable  consequent  of  a  phenomenon 
is  probably  its  effect.”  The  only  difficulty  in  this  way  of 
putting  it,  is  that  it  emphasizes  too  much  the  temporal 
sequence  theory  of  causality  which  was  considered  in  the 
last  chapter,  and  which  Mill  adopted  from  Hume. 

A  fuller  statement  of  the  method  of  agreement  may  be 
given  by  dividing  it  up  into  separate  stages.  In  the  first 
place,  a  variety  of  positive  instances  of  the  phenomenon  un¬ 
der  investigation  must  be  collected.  This  involves  careful 
observation  and  enumeration.  In  this  first  stage  care  must 
be  used  to  select  instances  which  are  different  in  as  many 
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respects  as  possible,  with  the  exception  of  having  the  phe¬ 
nomenon  present  in  them.  In  fact,  as  Mill  understood,  the 
method  is  not  effective  unless  the  positive  instances  differ 
in  every  respect  save  one,  in  addition  to  the  presence  of 
the  phenomenon.  But  it  is  seldom  possible  to  find  such 
instances.  That  is  one  reason  why  agreement  has  to  be 
supplemented  by  the  method  of  difference.  In  the  second 
place,  these  positive  instances  must  be  carefully  analyzed 
into  their  component  parts  and  their  several  antecedents 
or  consequents  must  be  noted.  It  is  in  this  way  that  the 
common  circumstance  which  accompanies  the  presence  of 
the  phenomenon  is  isolated  from  other  circumstances. 
After  this  common  feature  is  once  isolated  it  is  read  off 
as  the  cause  or  the  effect  of  the  phenomenon,  as  the  case 
may  be. 

Suppose,  now,  that  we  illustrate  this  method  by  symbols 
in  order  to  make  it  just  as  simple  and  as  clear  as  possible. 
Let  the  phenomenon  be  P  and  the  different  positive  in¬ 
stances  be  P1,  P2,  P3,  and  P4.  Now  suppose  P1  analyzes 
into  abed,  P2  into  efch,  P3  into  jkcl  and  P4  into  cmno. 
Since  c  is  the  only  circumstance  present  in  each  of  the 
different  positive  instances,  we  are  led  to  believe  that  c  is 
causally  connected  with  the  phenomenon. 

Consider,  now,  a  concrete  example  of  the  application  of 
this  method.  In  his  well-known  essay  entitled,  The  Scien¬ 
tific  Use  of  the  Imagination,  the  distinguished  scientist, 
John  Tyndall,  discusses  the  blue  color  resulting  from  the 
action  of  a  turbid  medium  upon  light  rays.  He  mentions 
the  following  positive  instances  of  turbid  media  having 
light  rays  pass  through  them,  each  of  which  may  be  roughly 
analyzed  to  bring  out  the  differences  between  them. 


Phenomenon — Blueness 

Cause — Conjunction  of  light  with  fine  particles  of  matter  in 
the  turbid  media 
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Instances : 

A.  A  beaker  of  turbid  water  of  the  Yisp 

1.  Light  striking  suspended  particles  of  fine  matter 

2.  Light  striking  the  glass  beaker 

3.  Composition  of  water — H20 

B.  Steam  issuing  from  the  safety  valve  of  a  locomotive 

1.  Light  striking  the  suspended  particles  of  fine  matter 

2.  Steam  liberated  in  the  air  with  no  container 

3.  Water  in  the  form  of  steam 

C.  Briickes  precipitate  (a  solution  of  mastic  and  absolute 

alcohol) 

1.  Light  striking  suspended  particles  of  fine  matter 

2.  Transparent  container  for  the  solution 

3.  A  liquid  different  from  steam  or  water 

D.  Peat-smoke  columns  from  the  cabin  chimneys  of  Kil- 

larney 

1.  Light  striking  suspended  particles  of  fine  matter 

2.  Smoke  also  liberated  in  the  air  without  a  container 

3.  Composition  of  peat-smoke  chemically  different 

from  water,  steam  or  Briickes  precipitate 

The  fact  that  the  only  common  circumstance  in  these 
four  quite  different  instances  is  light  striking  suspended 
particles  of  fine  matter  is  revealed  by  analysis,  and  we  are 
justified  in  concluding  that  this  is  in  all  probability  the 
cause  of  the  blue  color  which  is  always  present  when  light 
strikes  turbid  media.  As  Tyndall  points  out,  this  is  also 
the  cause  of  the  blueness  of  the  sky,  and  this  could  be 
treated  as  a  fifth  instance  or  variety  of  instance. 

Another  illustration  of  the  method  of  agreement  usually 
given  in  the  logic  books  is  Sir  David  Brewster’s  discovery 
of  the  cause  of  the  color  known  as  “mother-of-pearl,” 
which  is  the  name  given  to  a  certain  shell  formation.  He 
took  gum  arabic,  balsam  and  beeswax,  and  impressed  a 
piece  of  shell  of  this  color  on  each,  whereupon  he  discovered 
that  each  took  on  the  brilliant  mother-of-pearl  coloring. 
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Analyzing  these  instances  in  which  the  phenomenon  is 
present  we  get  the  following : 

A.  Piece  of  mother-of-pearl,  the  inner  layer  of  a  shell 

1.  Has  a  definite  form,  shape  or  contour 

2.  Made  of  lime  and  other  materials  secreted  by  a 

living  organism 

3.  Solid 

B.  A  piece  of  balsam 

1.  Has  the  same  form  or  shape  as  shell  which  has  been 

imprinted  upon  it 

2.  Resinous  substance  exuded  from  tree 

3.  Oily  and  aromatic 

C.  A  piece  of  beeswax 

1.  Has  the  same  form  or  shape  as  shell  which  has  been 

impressed  upon  it 

2.  A  wax  secreted  by  bees 

3.  Having  the  peculiar  odor  of  beeswax 

D.  A  piece  of  gum  arabie 

1.  Has  same  shape  as  shell  which  has  been  impressed 

upon  it 

2.  A  secretion  from  the  acacia  tree 

3.  Soluble  in  water  and  having  a  luster 

Now,  since  each  instance  where  the  mother-of-pearl  col¬ 
oring  is  present  agrees  in  having  a  certain  definite  shape, 
we  may  infer  that  the  cause  of  the  coloring  is  this  peculiar 
shape  of  the  object. 

These  two  illustrations  bring  out  clearly  what  Mill  meant 
by  the  canon  of  agreement.  And  it  must  be  conceded  to 
have  a  certain  value  in  that  it  does  enable  one  to  eliminate 
those  elements  which  differ  in  the  various  positive  in¬ 
stances.  And  when  there  is  only  one  element  in  common 
it  is  fair  to  assume  that  this  is  the  real  cause  (or  effect) 
of  the  phenomenon  under  investigation.  In  the  actual  con¬ 
crete  world  of  facts,  we  must  admit,  such  cases  very  rarely 
occur.  Frequently  there  are  several  circumstances  that  are 
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common,  to  all  of  the  positive  instances.  In  such  cases  all 
that  the  method  of  agreement  would  enable  us  to  do  would 
be  to  eliminate  the  features  which  are  not  common.  Which 
one,  or  ones,  of  those  left  after  this  elimination  takes 
place  is  the  real  cause,  this  method  does  not  tell  us.  We 
must  apply  the  method  of  difference  to  each  of  these  com¬ 
mon  circumstances,  until  we  find  out  which  one,  or  ones, 
is  causally  connected  with  the  phenomenon.  Hence  the 
method  of  agreement  is  really  only  a  stage  in  the  method 
of  difference.  To  complete  the  investigation  the  method 
of  difference  must  be  applied  to  the  same  set  of  instances 
which  have  been  used  in  the  method  of  agreement. 

The  Method  of  Difference 

Mill  states  this  method  as  follows:  “If  an  instance  in 
which  the  phenomenon  under  investigation  occurs,  and  an 
instance  in  which  it  does  not  occur,  have  every  circum¬ 
stance  save  one  in  common,  that  one  occurring  only  in  the 
former ;  the  circumstance  in  which  alone  the  two  instances 
differ,  is  the  effect,  or  cause,  or  a  necessary  part  of  the 
cause,  of  the  phenomenon.”  But  this  can  be  stated  much 
more  simply,  thus:  When  the  subtraction  of  one  of  the 
aspects  of  a  positive  instance  of  a  phenomenon  takes  away 
the  phenomenon,  we  know  that  this  subtracted  aspect  is 
causally  connected  with  the  phenomenon.  For  we  then 
create  a  negative  instance  by  experiment.  And  when  any 
aspect  which  the  experimenter  is  able  to  eliminate  takes 
the  phenomenon  away  with  it,  the  two  are  causally  con¬ 
nected.  Nothing  can  be  the  cause  of  a  phenomenon  in  the 
absence  of  which  the  phenomenon  appears,  and  everything 
is  causally  connected  with  the  phenomenon,  the  elimination 
of  which  also  eliminates  the  phenomenon. 

The  key  to  understanding  this  method  is  to  see  that  it 
goes  a  step  further  than  the  method  of  agreement  in  that 
it  turns  a  positive  instance  into  a  negative  instance,  by 
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eliminating  what  the  method  of  agreement  has  suggested 
to  be  the  cause.  Keeping  every  other  circumstance  the 
same  except  the  one  we  assume  to  be  the  cause,  the  experi¬ 
ment  of  taking  this  supposed  cause  away  is  performed.  If 
the  phenomenon  disappears  with  it,  we  know  that  it  is 
really  causally  connected  with  the  phenomenon.  Hence 
the  rule  is  that  only  one  circumstance  can  be  varied  at  a 
time. 

It  is  worth  noting  that  Mill  himself  spoke  of  this  as  a 
method  of  artificial  experiment.  He  explains  that  it  is  of 
the  very  nature  of  an  experiment  to  introduce  a  perfectly 
definite  change  into  a  preexisting  state  of  circumstances. 
While  nature  may  sometimes  perform  a  kind  of  “spon¬ 
taneous  experiment,”  which  will  give  a  positive  and  a 
negative  instance  differing  only  in  one  circumstance,  this 
is  extremely  rare.  And  he  also  notes  that  the  method  of 
difference  is  impracticable  in  some  fields  of  investigation, 
because  of  the  “impossibility  of  artificially  producing  the 
phenomena.  ’  ’  This  means  that  Mill  considered  the  method 
to  be  primarily  a  method  of  experiment,  and  to  apply  to 
such  exact  investigations  as  are  under  the  control  of  the 
scientist  who  is  doing  the  experimenting.  Now  let  us  il¬ 
lustrate  the  method,  first,  with  symbols,  and  then  with 
concrete  examples. 

Suppose  I  have  a  positive  instance  of  a  phenomenon 
which  analyzes  into  four  aspects.  This  would  be  repre¬ 
sented  as  follows: 

P  analyzes  into  abcx. 

Now  suppose  the  method  of  agreement  has  led  me  to 
assume  x  to  be  the  aspect  in  the  positive  instance  which 
causes  the  phenomenon,  then  when  x  is  taken  away  P  should 
become  not-P  or  a  negative  instance.  Thus,  not-P  analyzes 
into  abc.  If  P  turns  into  not-P  when  x  is  taken  away,  the 
method  of  difference  says  that  x  is  the  cause  of  P. 

The  coin  and  feather  experiment  in  physics  is  a  good 
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illustration  of  this  method.  It  is  designed  to  prove  that 
the  cause  of  a  light  article  falling  to  the  ground  more 
slowly  than  a  relatively  heavy  one  is  the  resistance  of  the 
air.  The  phenomenon  under  investigation  may  he  said 
to  be  the  retardation  of  the  feather,  and  the  cause  is  as¬ 
sumed  to  be  the  resistance  of  the  air.  When  a  coin  and  a 
feather  are  dropped  together  in  the  receiver  of  an  air  pump 
in  which  air  is  present,  the  feather  is  retarded.  This  is 
the  positive  instance.  But  when  the  air  is  pumped  out, 
and  the  two  are  dropped  together  they  reach  the  bottom 
of  the  receiver  together.  This  is  the  negative  instance  in 
which  the  phenomenon  does  not  occur  and  it  proves  that  air 
is  the  cause  of  the  retardation. 

Mellone  adapts  another  excellent  illustration  of  this 
method  from  Baden-Powell’s  History  of  Natural  Phi¬ 
losophy:  “The  production  of  colors  by  light  passing  through 
spherical  and  prismatic  glasses  had  already  been  noticed ; 
and  Newton  proceeded  to  make  it  the  subject  of  exact 
experiment  by  repeated  applications  of  the  method  of  dif¬ 
ference.  A  beam  of  the  sun’s  rays  admitted  through  a 
small  hole  in  an  otherwise  darkened  room,  produces  on  a 
screen  a  circular  image  of  the  sun  (negative  instance). 
But  on  passing  the  beam  through  a  prism,  the  image  be¬ 
comes  nearly  five  times  as  long  as  it  is  broad,  and  is  colored 
from  end  to  end  by  a  succession  of  vivid  tints  (positive 
instance).  Hence,  something  in  the  glass  is  the  cause  of 
the  colors.  Newton  now  proceeded  to  vary  the  size  of  the 
prism,  to  vary  the  quality  of  the  glass,  to  pass  the  beam 
through  different  parts  of  the  same  prism,  and  to  try  other 
minor  suppositions ;  but  none  of  these  changes  made  any 
difference  in  the  colors.  Hence  he  concluded  that  the 
prismatic  shape  of  the  glass  was  the  real  cause.  He  elimi¬ 
nated  this  by  placing  on  the  original  prism  a  second  one 
of  exactly  the  same  angle,  but  inverted,  so  that  together 
the  two  prisms  formed  a  solid  with  parallel  surfaces.  The 
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light,  passing  through  both,  came  out  uncolored,  and  gave 
a  perfect  undistorted  image  of  the  sun.  Hence  the  pris¬ 
matic  shape  of  the  glass  was  proved  to  be  the  cause  of  the 
colors.  ’  ’ 1 

Although  the  usual  procedure  in  applying  the  method  of 
difference  is  to  begin  with  the  positive  instance  and  turn 
that  into  a  negative  instance,  it  is  also  possible  to  reverse 
the  process,  beginning  with  a  negative  instance  and  intro¬ 
ducing  a  supposed  cause  to  see  whether  a  supposed  phe¬ 
nomenon  will  result.  Logically  this  amounts  to  the  same 
thing,  only  the  usual  way  of  stating  the  method  is  that 
given  above.  To  take  account  of  both  ways  of  proceeding 
the  method  may  be  stated:  When  the  subtraction  of  one 
of  the  aspects  of  a  positive  instance  of  a  phenomenon  takes 
away  the  phenomenon,  or  when  the  addition  of  a  single 
new  feature  to  a  negative  instance  produces  a  given  phe¬ 
nomenon,  the  aspect  subtracted  or  added  is  considered  to 
be  causally  connected  with  the  phenomenon.  Thus,  in 
proving  that  light  is  the  cause  of  the  green  color  in  plants 
one  may  either  take  the  light  away  from  plants  that  are 
green  by  putting  a  board  over  them  or  by  any  other  blanch¬ 
ing  process,  or  one  may  take  plants  that  have  been  kept 
away  from  the  light  and  bring  them  under  the  influence 
of  the  light  to  produce  the  green  color.  No  matter  which 
procedure  is  followed,  the  method  of  difference  is  being 
used.2 

1  Introductory  Textbook  of  Logic,  pp.  274  f.  Compare  this  with  the 
von  Laue  experiment  given  below,  p.  314. 

2  The  exercise  on  Mill’s  methods  is  at  the  end  of  the  next  chapter. 
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mill’s  other  methods 

The  Joint  Method  of  Agreement  and  Difference 

To  deal  with  complex  phenomena  where  artificial  experi¬ 
ment  is  impossible,  Mill  formulated  the  joint  method  of 
agreement  and  difference.  He  also  called  it  the  double 
method  of  agreement,  and  it  is  unfortunate  that  the  former 
name  has  been  almost  universally  adopted  in  the  logic 
textbooks,  because  it  leads  students  to  think  that  it  is 
stronger  than  the  method  of  difference.  We  shall  soon 
see  why  it  is  really  much  weaker  than  that  method.  But 
even  though  the  name  double  method  of  agreement  is  pre¬ 
ferable  to  the  name  joint  method  of  agreement  and  differ¬ 
ence,  it  seems  best  to  conform  to  usage  and  hold  to  the 
latter  designation. 

‘  ‘  If  two  or  more  instances  in  which  the  phenomenon  occurs 
have  only  one  circumstance  in  common,  while  two  or  more 
instances  in  which  it  does  not  occur  have  nothing  in  common 
save  the  absence  of  that  circumstance;  the  circumstance  in 
which  alone  the  two  sets  of  instances  differ,  is  the  effect,  or 
cause,  or  a  necessary  part  of  the  cause  of  the  phenomenon. 

This  rather  involved  statement  of  the  method,  which  I 
have  taken  from  Mill,  may  be  simplified  as  follows :  Where 
a  variety  of  positive  instances  have  only  one  circumstance 
in  common,  and  a  variety  of  negative  instances  agree  only 
in  having  this  circumstance  absent  it  may  be  inferred  to 
be  causally  connected  with  the  phenomenon.  An  important 
difference  between  this  and  the  method  of  difference  is 
to  be  found  in  the  fact  that  this  uses  a  number  of  positive 
and  negative  instances,  whereas  the  method  of  difference 
has  but  one  positive  instance  which  is  turned  into  a  nega- 

272 


MILL’S  OTHER  METHODS 


273 


tive  instance  by  experimentation.  It  is  also  important  to 
note  that  the  negative  instances  in  the  joint  method  differ 
from  the  positive  instances  in  mare  than  one  circumstance, 
thus  violating  the  rule  for  the  method  of  difference  that 
only  one  circumstance  can  be  varied  at  a  time  in  produc¬ 
ing  a  negative  instance.  For  this  reason  the  negative  in¬ 
stances  used  by  the  joint  method  must  be  carefully  dis¬ 
tinguished  from  the  true  negative  instances,  obtained  by 
experiment,  which  characterize  the  method  of  difference. 
It  is  for  this  reason  that  we  should  think  of  the  joint 
method  as  a  double  method  of  agreement.  Its  instances 
are  all  found  by  observation  and  enumeration,  as  con¬ 
trasted  wTith  experiment.  First,  instances  exhibiting  the 
phenomenon  are  collected  which  have  some  one  common 
circumstance.  Then  instances  in  which  the  phenomenon 
is  absent  are  collected  in  which  this  common  circumstance 
is  absent. 

To  represent  this  method  by  symbols,  the  following  ar¬ 
rangement  is  necessary : 


Positive  Instances  Analysis 

1  .  a  b  c  d  e 

2  . /  a  g  d  k 

3  .  I  m  n  a  e 

4  .  a  w  x  y  z 


Negative  Instances 

1 . 

2 . 


4. 


Analysis 
b  w  d  c  y 

m  f  d  k  e 

z  e  n  y  c 

l  b  g  f  d 


Here,  a  being  the  only  common  element  among  the  four 
positive  instances,  and  the  only  absent  member  of  the 
negative  instances,  we  may  assume  it  to  be  causally  con¬ 
nected  with  the  phenomenon. 

To  take  a  concrete  illustration,  suppose  an  investigation 
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is  made  of  the  cause  of  the  decline  of  the  country  church. 
And  let  us  assume  that  the  cause  is  the  removal  of  owners 
from  the  farms  to  town  or  city,  and  the  resultant  occupancy 
of  the  farms  hy  tenants.  Four  or  five  sample  communities 
might  be  selected  in  which  the  church  has  either  died  out 
entirely,  or  practically  lost  its  hold  on  the  life  of  the  com¬ 
munity.  Then  an  equal  number  of  sample  communities 
should  be  selected  in  which  the  church  is  still  very  active 
and  the  center  of  the  life  of  the  community.  The  phenome¬ 
non  being  the  decline  of  the  country  church,  the  former 
would  be  positive  and  the  latter  negative  instances.  Car¬ 
rying  out  the  illustration,  let  us  roughly  analyze  each 
instance : 

Positive  instances  =  the  church  either  dead  or  very  inactive. 

Community  A . Thickly  populated,  tenant  occupants, 

great  interest  in  Sunday  sports, 
good  roads  and  conveyances. 

Community  B . Very  few  young  people,  tenant  oc¬ 

cupants,  large  farms,  few  extra 
laborers  in  the  community,  poor 
roads  and  conveyances. 

Community  C . Sunday  sports  indulged  in,  tenant 

occupants,  illiterate  people,  poor 
land. 

Community  D . Amusement  community  center,  good 

roads  and  conveyances,  moral  con¬ 
ditions  excellent,  tenant  occupants, 
some  one  irreligious  but  public- 
spirited  large  landowner. 

Negative  instances  =  the  church  very  much  alive  and  active. 

Community  E . Farms  well-kept,  owner  occupants, 

good  roads  and  conveyances,  amuse¬ 
ment  center. 

Community  F . Many  young  people,  owner  occupants, 

strong,  efficient  pastor,  excellent 
x’oads  and  conveyances. 
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Community  G . Illiterate  and  ignorant  people,  poor 

land,  bad  roads  and  few  convey¬ 
ances,  owner  occupants. 

Community  II . Sparsely  settled,  no  villages  near  by, 

no  amusement  center  or  play¬ 
ground,  many  young  people,  owner 
occupants. 

Here  the  common  feature  in  the  first  set  of  instances 
is  tenant  occupancy  of  the  farms,  whereas  the  feature 
absent  when  the  church  is  active  is  tenant  occupancy,  so 
that  we  may  assume  that  the  cause  of  the  decline  of  the 
country  church  is  tenant  occupancy.  This  illustration 
brings  out  the  close  similarity  between  the  joint  method 
and  the  statistical  method.  To  solve  the  problem  dealt 
with  in  this  illustration,  it  would  be  necessary  to  gather 
extensive  statistical  data,  and  to  take  many  more  com¬ 
munities  into  consideration,  and  from,  widely  separate 
rural  districts.  The  joint  method  really  shares  the  weak¬ 
ness  of  the  statistical  method,  and  it  is  the  statistical 
method  in  germ. 

Mill,  commenting  upon  the  joint  method,  rightly  said 
that  it  is  not  equivalent  to  a  proof  by  the  method  of  differ¬ 
ence.  This  is  due  to  the  fact  noted  above,  that  the  nega¬ 
tive  instances  differ  from  the  positive  instances  in  more 
than  one  circumstance  in  the  joint  method.  It  should 
be  clear  that  the  method  of  difference  is  really  a  joint 
method  in  that  it  also  uses  both  positive  and  negative 
instances.  Hence,  we  must  be  on  our  guard  against  being 
misled  by  the  term  joint.1  For  the  so-called  joint  method 

i  That  the  authors  of  the  Introduction  to  Reflective  Thinking  have 
been  so  misled  is  evident  from  their  statement :  Mill  combined  these 
two  methods  so  that  the  logical  conclusiveness  of  the  method  of 
difference  might  be  combined  with  the  practical  availability  of  the 
method  of  agreement.  The  canon  of  the  joint  method  seems  some¬ 
what  alarmingly  involved,  but  to  those  who  understand  the  methods 
of  agreement  and  difference,  the  advantage  to  be  gained  by  their 
joint  use  will  become  apparent”  (p.  81). 
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is  really  much  weaker  than  the  real  experimental  method 
of  difference.  To  be  sure,  it  does  have  more  value  than 
the  method  of  agreement,  since  it  checks  up  on  that  method 
by  using  such  negative  instances  as  can  be  found  ready 
at  hand.  The  table  of  absences  of  Francis  Bacon  is  really 
a  mixture  of  negative  instances  of  the  experimental  type 
and  of  the  purely  observational  type.  Bacon  did  not  rec¬ 
ognize  the  difference  between  the  principle  of  the  method 
of  difference  and  that  of  the  joint  method,  and  this  is  one 
of  the  most  significant  improvements  which  Mill  made  in 
the  inductive  logic  of  Bacon.  To-day,  the  joint  method  is 
practically  supplanted  by  the  more  elaborate  and  technical 
method  of  statistics,  and  for  that  reason  it  is  not  as  im¬ 
portant  as  it  was  in  Mill’s  time. 

,  The  Method  of  Concomitant  Variations 

Mill’s  formulation  of  this  method  cannot  be  improved: 
“Whatever  phenomenon  varies  in  any  manner  whenever 
another  phenomenon  varies  in  some  particular  manner,  is 
either  a  cause  or  an  effect  of  that  phenomenon,  or  is  con¬ 
nected  with  it  through  some  fact  of  causation.” 

Although  the  method  of  concomitant  variations  intro- 

!  duces  no  new  principle,  it  is  nevertheless  quite  significant, 
and  it  has  often  been  fruitfully  employed  in  scientific  re¬ 
search.  It  really  deals  with  two  phenomena  rather  than 
with  positive  and  negative  instances  of  the  same  phenome¬ 
non.  It  argues  to  the  existence  of  some  necessary  rela¬ 
tion  in  a  larger  system  of  phenomena  which  vary  together. 
To  vary  together  or  concomitantly  may  mean  either  that 
both  phenomena  increase  together,  or  that  both  diminish 
together,  or  that  one  increases  as  the  other  diminishes,  or 
vice  versa.  In  fact,  any  sort  of  variation  in  one  phenome¬ 
non,  accompanying  a  variation  in  another,  comes  within 
the  scope  of  this  method.  For  the  establishment  or  point¬ 
ing  out  of  such  a  concomitance  in  variation  indicates  a 
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deep-lying  connection  between  the  two  phenomena.  Such 
a  concomitance  in  variation  may  sometimes  be  produced 
by  experiment,  and  it  may  also  be  discovered  by  observa¬ 
tion.  Consequently  this  method  has  a  very  wide  scope. 
It  has  been  fruitful  in  astronomy,  which  is  restricted  to 
observation,  and  it  has  been  fruitful  in  physics  where 
exact  experiment  is  possible.  FreqiTently,  the  variations 
discovered  or  produced  by  this  method  can  be  exactly  ex¬ 
pressed  by  the  aid  of  mathematical  calculations,  so  that 
the  resulting  causal  laws  have  a  high  degree  of  exactness 
and  certitude.  Hence  this  method  also  approximates 
closely  to  the  statistical  method,  when  a  determination  of 
the  variations  has  to  be  reached  by  statistical  data.  On 
the  other  hand,  when  it  is  possible  to  produce  variations 
experimentally,  the  method  of  concomitant  variations  is 
really  only  a  corollary  of  the  method  of  difference.  For 
up  to  the  moment  when  the  supposed  cause  and  the  phe¬ 
nomenon  entirely  disappear  we  have  only  a  variation,  but 
at  that  moment  we  get  a  real  negative  instance.  As  an 
experimental  method,  then,  the  method  of  concomitant 
variations  is  a  stage  in  the  method  of  difference.  Yet  it 
is  very  valuable  at  times  because  there  are  phenomena  in 
which  it  is  impossible  to  eliminate  entirely  a  causal  fea¬ 
ture,  whereas  it  is  possible  to  produce  a  variation  of  some 
sort  in  it.  And  even  though  a  full  negative  instance  in 
the  sense  of  the  method  of  difference  cannot  be  obtained, 
the  fact  that  we  are  able  to  produce  a  definite  variation 
justifies  the  inference  that  there  is  a  causal  relation  in¬ 
volved. 

Mill  recognized  that  the  method  of  concomitant  varia¬ 
tions  is  really  a  special  form  of  the  method  of  difference. 
He  writes : 

It  is  scarcely  necessary  to  say,  that  in  order  to  ascertain  the 
uniform  concomitance  of  variations  in  the  effect  with  variations 
in  the  cause,  the  same  precautions  must  be  used  as  in  any  other 
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case  of  the  determination  of  an  invariable  sequence.  We  must 
endeavor  to  retain  all  the  other  antecedents  unchanged,  while 
that  particular  one  is  subjected  to  the  requisite  series  of  varia¬ 
tions;  or  in  other  words,  that  we  may  be  warranted  in  inferring 
causation  from  concomitance  of  variations,  the  concomitance  itself 
must  be  proved  by  the  method  of  difference  (Bk.  Ill,  Ch.  VIII). 

Mill’s  illustration  of  the  method  makes  its  relation  to 
the  method  of  difference  even  clearer.  Take  Newton’s 
first  law  of  motion,  that  all  bodies  in  motion  continue  to 
move  in  a  straight  line  with  uniform  velocity  until  acted 
upon  by  some  new  force. 

This  assertion  is  in  open  opposition  to  first  appearances;  all 
terrestrial  objects,  when  in  motion,  gradually  abate  their  velocity 
and  at  last  stop.  .  .  .  Every  moving  body,  however,  encounters 
various  obstacles,  as  friction,  the  resistance  of  the  atmosphere, 
etc.,  which  we  know  by  daily  experience  to  be  causes  capable  of 
destroying  motion.  It  was  suggested  that  the  whole  of  the  re¬ 
tardation  might  be  due  to  these  causes.  How  was  this  inquired 
into?  If  the  obstacles  could  have  been  entirely  removed,  the 
case  would  have  been  amenable  to  the  method  of  difference.  They 
could  not  be  removed,  they  could  only  be  diminished,  and  the 
case,  therefore,  admitted  only  of  the  method  of  concomitant  varia¬ 
tions.  This  accordingly  being  employed,  it  was  found  that  every 
diminution  of  the  obstacles  diminished  the  retardation  of  the 
motion,  and  inasmuch  as  in  this  case  the  total  quantities  both  of 
the  antecedent  and  consequent  were  known,  it  was  practicable  to 
estimate  with  an  approach  to  accuracy  both  the  amount  of  the 
retardation  and  the  amount  of  the  retarding  causes  or  resistances, 
and  to  judge  how  near  they  both  were  to  being  exhausted;  and 
it  appeared  that  the  effect  dwindled  as  rapidly  as  the  cause.  .  . 
There  could  therefore  be  no  hesitation  in  assigning  the  whole  of 
the  retardation  of  motion  to  the  influence  of  the  obstacles;  and 
since,  after  subducting  this  retardation  from  the  total  phenom¬ 
enon,  the  remainder  was  a  uniform  velocity,  the  result  was  the 
proposition  known  as  the  first  law  of  motion  {Idem). 

For  another  illustration,  take  the  experiment  of  the 
bell  jar  which  proves  that  air  is  a  necessary  medium  for 
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transmitting  sound,  waves  to  the  ear.  When  the  bell  is 
struck  with  air  in  the  bell  jar,  sound  is  conveyed.  But 
when  the  air  is  pumped  out  sound  cannot  be  heard.  This 
is  the  method  of  difference.  But  if  the  bell  is  sounded 
continuously  while  the  air  is  being  pumped  out,  the  sound 
will  diminish  with  the  air  until  both  finally  disappear  to¬ 
gether.  Up  to  the  time  when  they  disappear  we  have  the 
method  of  concomitant  variations,  but  after  they  disappear 
we  have  the  method  of  difference.  This  shows  very  clearly 
the  relation  between  the  two  methods. 

We  have  already  emphasized  the  fact  that  the  method 
of  concomitant  variations  is  frequently  fruitful  in  fields 
of  investigation  where  experimentation  is  impossible.  As 
an  example  of  this,  the  frequently  quoted  passage  from 
Jevons  may  be  given:  “The  most  extraordinary  case  of 
variations  consists  in  the  connection  which  has  of  late 
years  been  shown  to  exist  between  the  aurora  borealis, 
magnetic  storms,  and  the  spots  on  the  sun.  It  has  only  in 
the  last  thirty  or  forty  years  become  known  that  the  mag¬ 
netic  compass  is  subject  at  intervals  to  very  slight,  but 
curious  movements;  and  that,  at  the  same  time,  there  are 
usually  natural  currents  of  electricity  produced,  in  tele¬ 
graph  wires,  so  as  to  interfere  with  the  transmission  of 
messages.  These  disturbances  are  known  as  magnetic  storms, 
and  are  often  observed  to  occur  when  a  fine  display  of  the 
northern  or  southern  lights  is  taking  place  in  some  part 
of  the  earth.  Observations  during  many  years  have  shown 
that  these  storms  come  to  their  worst  at  the  end  of  every 
eleven  years.  .  .  .  Close  observations  of  the  sun  during 
thirty  or  forty  years  have  shown  that  the  size  and  number 
of  the  dark  spots,  which  are  gigantic  storms  going  on  upon 
the  sun’s  surface,  increase  and  decrease  exactly  at  the  same 
periods  of  time  as  the  magnetic  storms  upon  the  earth  s 
surface  No  one  can  doubt,  then,  that  these  strange  phe¬ 
nomena  are  connected  together,  though  the  mode  of  the 
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connection  is  quite  unknown”  ( Elements  of  Logic ,  Hill  ed., 
p. 223) 

The  Method  of  Residues 

In  many  scientific  investigations  there  are  what  is  known 
as  residual  phenomena.  After  certain  causal  connections 
are  discovered  there  remain  factors,  the  cause  of  which 
are  not  known  and  Mill’s  method  of  residues  was  devised 
to  deal  with  such  residual  factors.  He  stated  the  method 
as  follows:  “Subduct  from  any  phenomenon  such  part  as 
is  known  by  previous  inductions  to  be  the  effect  of  certain 
antecedents,  and  the  residue  of  the  phenomenon  is  the 
effect  of  the  remaining  antecedents.”  Now  this  is  not 
really  a  separate  method,  since  the  precise  nature  of  the 
causal  connection  between  the  residue  of  a  phenomenon  and 
the  residue  of  the  antecedents  would  have  to  be  determined 
by  some  other  method.  Its  greatest  value  is  in  the  fact  that 
it  brings  to  light  causal  connections  which  would  not 
otherwise  be  suspected  to  exist.  It  often  informs  us  of 
“sequences  in  which  neither  the  cause  nor  the  effect  were 
sufficiently  conspicuous  to  attract  to  themselves  the  atten¬ 
tion  of  observers.”  Hence  there  are  some  remarkable  ex¬ 
amples  of  discoveries  made  by  this  method. 

Perhaps  the  most  remarkable  of  all  is  the  discovery  of 
the  planet  Neptune.  It  might  not  have  been  suspected  of 
existing  had  it  not  been  for  certain  deviations  in  the  move¬ 
ments  of  Uranus  from  the  orbit  calculated  for  it  by  com¬ 
putations  based  on  the  gravitational  forces  bearing  on  it. 
According  to  these  gravitational  forces  of  the  sun  and  other 
planets  astronomers  calculated  the  orbit  of  Uranus  to  be 
an  ellipse  of  a  certain  form.  But  the  actual  orbit  of 
Uranus,  as  calculated  from  observed  positions  of  the  planet, 
was  known  to  be  different  from  the  orbit  calculated  Horn 
the  forces  bearing  upon  it.  Here  was  a  residual  phe¬ 
nomenon  in  the  orbit  of  Uranus.  What  causes  this  slight 
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deviation  ?  There  must  be  another  planet  bearing  upon 
it,  another  gravitational  force  in  addition  to  those  already 
known  to  astronomers.  Two  mathematicians  even  calcu¬ 
lated  the  approximate  position  of  the  planet ;  J.  C.  Adams 
in  England,  and  U.  J.  J.  Leverrier  in  France.  Adams 
sent  his  calculations  to  an  astronomer  named  Challis,  who 
discovered  Neptune  on  August  fourth  and  twelfth  of  the 
year  1846,  hut  failed  to  recognize  it  as  a  planet.  Lever¬ 
rier  sent  his  observations  to  the  astronomer,  Galle,  of  Berlin, 
who  discovered  the  planet  and  recognized  it  as  a  planet 
on  September  23,  1846.  This  is  one  of  the  most  remark¬ 
able  scientific  discoveries  ever  made.  Of  course  the  real 
method  used  was  mathematical  calculation  and  observation, 
but  the  probability  of  there  being  another  planet  was  sug¬ 
gested  by  the  method  of  residues. 


Exercise  XIV 

Tell  which  one  of  Mill’s  methods  is  exemplified  in  each  of  the 
following,  and  explain  carefully  why  you  think  so.  Analyze 
each  example  to  bring  out  the  separate  steps  of  each  method. 

1.  Suppose  that  three  or  four  individuals,  of  different  races,  dif¬ 
ferent  habits  of  life,  and  otherwise  as  different  as  possible, 
were  all  bitten  by  a  certain  kind  of  mosquito  and  that  each 
developed  yellow  fever :  would  not  such  a  set  of  cases  give  some 
warrant  to  the  inference  that  the  bite  of  the  mosquito  was 
causally  connected  with  the  development  of  the  fever?  The 
fact  that  these  individuals  were  different  in  all  other  respects 
would  seem  to  exclude  the  possibility  that  anything  else  could 
have  been  the  cause  (A.  L.  Jones,  Logic:  Inductive  and  Deduc¬ 
tive,  Henry  Holt,  p.  90). 

2.  Suppose  that  we  find  dew  deposited  on  two  or  more  objects 
which  differ  in  position,  chemical  composition,  character  of  sur¬ 
face,  and,  in  short,  all  respects  except  that  both  are  cooler  than 
the  surrounding  atmosphere;  we  should  have  good  grounds  for 
believing  that  this  last  characteristic  was  causally  related  to 
the  deposition  of  dew  (A.  L.  Jones,  idem.). 

3.  If  a  number  of  persons  who  recovered  from  a  given  disease  were 
similar  only  in  having  used  a  certain  drug,  the  inference  would 
be  that  the  drag  was  causally  related  to  the  cure  (Ibid.,  p.  91). 
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4.  Suppose  two  individuals  as  similar  as  possible  in  all  respects, 
race,  family,  occupation,  manner  of  living,  state  of  health  and 
so  on;  one  of  these  is  bitten  by  mosquitoes  of  a  certain  sort 
and  the  other  protects  himself  against  their  attacks;  the  first 
contracts  the  fever,  the  second  escapes  it.  We  should  regard 
such  a  group  of  facts  as  warranting  the  conclusion  that  the 
bite  of  the  mosquito  and  the  contraction  of  yellow  fever  were 
causally  related  (A.  L.  Jones,  p.  95). 

5.  If  two  objects  of  similar  chemical  construction,  character  of 
surface,  location,  etc.,  differed  only  in  that  one  was  for  some 
reason  cooler  than  the  surrounding  air,  while  the  other  was 
not,  and  if  dew  were  deposited  on  the  first  and  not  on  the 
second,  we  should  conclude  that  the  cooler  temperature  of  the 
one  was  causally  related  to  the  deposition  of  dew  upon  it  (A.  L. 
Jones,  idem). 

6.  A  large  number  of  cases  of  typhoid  fever  occurred  at  about  the 
same  time  in  a  college  community.  It  happened  that  all  those 
who  developed  the  disease  ate  at  a  certain  few  fraternity  and 
boarding-house  tables.  The  water  supply  was  first  investigated. 
It  was  found  that  all  these  places  used  water  from  the  same 
source.  But  it  was  also  true  that  the  other  houses  were  supplied 
from  the  same  source,  so  this  possible  cause  was  eliminated. 
The  fresh  vegetables  were  supplied  from  various  sources :  some 
of  the  places  in  which  the  disease  was  developed  used  one 
source,  others  a  different  one;  moreover,  the  places  in  which 
the  disease  was  not  developed  were  supplied  from  the  same 
variety  of  sources.  It  appeared  that  the  milk  supply  was  the 
same  for  all  the  places  in  which  the  fever  was  developed, 
whereas  none  of  the  places  which  escaped  used  milk  from  that 
source.  The  inference  was  that  the  milk  contained  the  cause 
of  the  disease.  Further,  it  was  found  that  when  milk  from 
this  source  was  no  longer  used,  no  new  cases  of  the  disease  ap¬ 
peared  (A.  L.  Jones,  p.  98). 

7.  The  weight  of  atmospheric  nitrogen  was  found  to  be  greater 
than  that  of  nitrogen  produced  chemically;  further  examina¬ 
tion  revealed  the  presence  in  the  atmosphere  of  another  element, 
argon  (A.  L.  Jones). 

8.  The  power  of  the  chameleon  to  change  color  in  accordance  with 
the  color  of  its  surroundings  is  well  known.  But  this  power 
is  not  confined  to  the  chameleon;  it  occurs,  for  example,  also 
in  certain  frogs.  The  question  raised  is  as  to  the  cause  of 
this  change.  Of  the  suggestions  that  might  occur  to  a  biologist 
the  following  are  important:  color  of  the  surroundings,  nature 
of  the  animal’s  food,  time  of  day  or  season  of  the  year,  in¬ 
tensity  of  sunlight,  etc.  But  it  is  known  by  observation  that 
a  frog  may  variously  change  its  diet  and  still  be  of  the  same 
color,  and  the  change  of  color  may  take  place  at  any  time  of 
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the  day  or  year,  and  in  various  degrees  of  sunlight.  Hence, 
we  may  conclude  that  the  cause  of  the  change  of  color  is  the 
surroundings  (Joseph,  pp.  444/.). 

9.  Granting,  then,  that  the  color  of  the  surroundings  is  the  cause 
of  the  change  of  color  in  the  frog,  we  may  ask  how  the  effect 
is  produced.  Lord  Lister  showed  that  the  colored  rays  of  light 
affect  the  animal  through  the  eye,  for  a  specimen  whose  eyes 
had  been  removed  was  no  longer  affected  by  the  change  of  color 
of  the  surroundings  in  which  it  was  placed  (Joseph,  idem). 

10.  This  conclusion  is  further  confirmed  by  the  fact  that  in  other 
species  that  normally  exhibit  a  color  reaction,  individuals  have 
been  found,  in  whom  the  power  of  adjustment  to  the  color  of 
their  surroundings  is  absent,  and  that  these  individuals,  on 
examination,  have  been  ascertained  to  be  blind  (Joseph,  idem). 

11.  It  may  still  be  asked,  how  does  the  stimulation  of  the  eye  by 
different  colored  rays  of  light  effect  the  change  of  color?  Is  it 
due  to  awareness  of  the  color  of  the  surroundings  or  is  it  due  to 
a  reflex  mechanism  in  the  frog?  The  latter  is  supported  by 
the  fact  that  a  blinded  frog,  after  a  violent  struggle  to  escape, 
changed  from  dark  to  light,  but  in  half  an  hour,  though  placed 
in  a  bright  light,  became  almost  coal  black  again.  Here  it  is 
shown  that  a  color  reaction  can  take  place  without  awareness  of 
color;  so  that  awareness  of  color  is  eliminated  from  among 
the  conditions  necessary  to  produce  the  reaction.  We  must 
look,  then,  for  some  circumstance  common  to  the  blind  frog 
changing  color  after  a  violent  struggle,  and  a  normal  frog 
changing  color  with  a  change  of  surroundings;  and  we  may 
find  this  in  nervous  excitation,  for  that  may  be  produced  by  the 
action  of  light  upon  the  eye,  and  also  by  the  struggle.  Until 
some  other  feature  common  to  the  two  cases  was  suggested 
we  should  accept  this  on  the  principle  just  cited;  but  it  is 
also  supported  by  the  known  physiological  function  of  the 
nervous  system  in  the  building  up  of  reflexes;  it  is  also  con¬ 
sistent  with  the  fact  that  when  the  excitement  subsided  the 
blind  frog  returned  to  a  color  not  adapted  to  its  environment. 
There  have  been  found  in  the  skin  of  the  frog,  pigment  granules 
of  divers  colors,  so  arranged  that  different  surface  effects  can  be 
produced  by  different  degrees  of  concentration  in  the  granules, 
and  color  reaction  in  the  frog  is  connected  with  these  pigment 
granules  through  the  nervous  system  ( Joseph,  idem ) . 

12.  Mr.  Joule  conclusively  proved  that  friction  is  a  cause  of  heat 
by  expending  exact  quantities  of  force  in  rubbing  one  substance 
against  another,  and  showed  that  the  heat  produced  was  ex¬ 
actly  greater  or  less  in  proportion  as  the  force  was  greater  or 
less  (Jevons,  p.  222). 

13.  For  a  long  time  it  had  been  doubtful  whether  the  red  flames 
seen  in  total  eclipses  of  the  sun  belonged  to  the  sun  or  to  the 
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moon;  but  during  an  eclipse  of  the  sun  it  was  observed  that  the 
flames  moved  with  the  sun,  and  were  gradually  covered  and 
uncovered  by  the  moon  at  successive  instants  of  the  eclipse 
(Jevons,  idem). 

14.  If  it  be  true  that  all  animals  which  have  a  well-developed 
respiratory  system  and  therefore  aerate  the  blood  perfectly 
agree  in  being  warm-blooded,  while  those  whose  respiratoiy 
system  is  imperfect  do  not  maintain  a  temperature  much  ex¬ 
ceeding  that  of  the  surrounding  atmosphere,  we  may  argue  from 
this  two-fold  experience,  that  the  change  which  takes  place 
in  the  blood  by  respiration  is  the  cause  of  animal  heat  (Mill). 

15.  We  mix  a  solution  of  chloride  of  mercury  with  a  solution  of 
potassium  iodide;  the  result  is  a  red  precipitate  in  a  colorless 
liquid.  We  are  justified  in  inferring  that  the  change  produced 
is  due  to  the  mixing  (Westaway,  Scientific  Method,  p.  206). 

16.  The  inquiry  into  the  cause  of  sound  had  led  to  conclusions 
respecting  its  mode  of  propagation,  and  from  these  its  velocity 
in  the  air  could  be  precisely  calculated  from  purely  theoretical 
considerations.  The  calculations  were  performed,  but  when  com¬ 
pared  with  known  experimental  fact,  though  the  agreement  was 
quite  sufficient  to  show  the  general  correctness  of  the  assigned 
cause  and  mode  of  propagation,  yet  the  whole  velocity  could  not 
be  shown  to  arise  from  this  theory.  At  length  Laplace  struck 
on  the  happy  idea  that  this  might  arise  from  the  heat  developed 
in  the  act  of  that  condensation  which  necessarily  takes  place  at 
every  vibration  by  which  sound  is  conveyed.  Exact  calculation 
proved  this  to  be  correct  (Westaway,  p.  209,  with  some  modi¬ 
fications). 

17.  On  the  first  use  of  some  new  coal,  we  notice,  in  the  case  of  five 
or  six  fires  in  the  house,  rather  frequent  slight  explosions, 
fragments  of  burning  material  being  projected  into  the  room. 
An  examination  shows  that  in  each  fire  there  are  one  or  more 
stones.  This  one  common  circumstance  suggests  the  probable 
cause  of  the  “explosions.”  But  to  make  sure,  we  try  the  ex¬ 
periment  of  actually  putting  a  stone  in  the  fire.  An  ex¬ 
plosion”  follows,  and  so  we  get  a  decisive  test.  For  the  stone 
is  now  known  to  be  the  real  cause  of  the  “explosion”  (Westa¬ 
way,  p.  206). 

18.  Arago,  having  suspended  a  magnetic  needle  by  a  silk  thread 
and  set  it  in  vibration,  observed  that  it  came  much  sooner  to 
a  state  of  rest  when  suspended  over  a  plate  of  copper  than  when 
no  such  plate  was  beneath  it  (Westaway,  idem). 

19.  Suppose  I  am  asked  why  it  is  that  a  northeast  wind  is  specially 
injurious  to  many  persons.  I  already  know  that  winds  are 
characterized  by  various  qualities,  such  as  velocity,  tempera¬ 
ture,  humidity,  electricity,  ozone,  etc.,  but  on  investigation  I 
find  that  no  one  mode  of  any  one  of  these  qualities  uniformly 
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accompanies  the  northeast  wind.  But  further  examination 
shows  that  the  wind,  which  blows  from  the  Pole  toward  the 
Equator,  travels  for  several  thousand  miles  close  upon  the 
surface  of  the  ground.  This  single  circumstance  is  common  to 
all  northeast  winds,  and  on  this  point  alone,  the  agreement 
seems  to  be  constant.  I  examine  other  winds,  for  instance  the 
southwest  wind,  and  find  it  does  not  blow  for  a  long  distance 
close  to  the  surface  of  the  ground,  and  that  it  is  not  noxious. 
And  so  of  other  winds.  My  first  tentative  inference,  that  the 
northeast  wind,  during  its  contact  with  the  ground,  picks  up 
dust,  germs,  etc.,  and  so  becomes  noxious,  is  thus  confirmed 
(Westaway,  pp.  207/.,  with  some  modifications). 

20.  Formerly  decaying  meat  was  regarded  especially  as  a  source  of 
spontaneous  generation  of  living  matter.  Worms  and  maggots 
were  supposed  to  find  their  origin  in  putrefying  flesh.  But  an 
Italian,  Francesco  Redi,  in  the  seventeenth  century  disproved 
this.  He  placed  the  meat  in  a  receptacle  over  which  he  fastened 
a  paper  cover.  The  meat  yielded  no  products.  Changing  the 
cover,  he  put  gauze  over  the  meat  through  which  the  odor  of 
the  flesh  could  rise.  Flies  were  attracted  to  it,  laid  their  eggs 
on  the  gauze,  and  these  developed  on  it  instead  of  on  the  meat 
(from  Introduction  to  Reflective  Thinking,  pp.  66/.). 

21.  Pasteur  demonstrated  that  the  air  was  the  cause  of  the  ap¬ 
pearance  of  life  in  previously  sterilized  water.  He  did  it  by 
taking  liquids  sterilized  in  each  case  by  the  same  method,  and 
showing  that  organic  life  appeared  in  certain  flasks  and  not  in 
others  (from  Introduction  to  Reflective  Thinking,  pp.  70/.). 

22.  In  a  given  town,  let  us  say,  several  cases  of  anthrax  have  oc¬ 
curred.  What  was  the  cause?  The  health  department  will 
inquire  about  the  habits  and  recent  activities  of  the  various 
patients.  All  are  women  and  almost  all  are  employed  in  the 
same  location.  But  so  are  many  others  who  were  not  infected. 
Several  are  in  a  brush  factory,  but  then  others  who  also  have 
the  disease  are  not.  What  we  must  find,  if  that  be  possible, 
is  some  circumstance  common  to  all  the  cases,  which  dis¬ 
tinguishes  them  from  all  persons  not  infected.  This  factor  is 
finally  found  to  be  that  they  all  purchased  a  certain  cheap 
grade  of  fur  which  they  have  been  wearing  and  which  has  in¬ 
fected  them;  whereas  the  other  women  of  the  town  had  nothing 
in  common  which  might  have  been  connected  with  the  disease, 
save  the  fact  that  none  of  them  had  worn  the  furs  (from 
Introduction  to  Reflective  Thinking,  pp.  82  /. ) . 

23.  Long  before  Mill  formulated  his  five  experimental  methods, 
indeed,  before  Francis  Bacon  wrote  the  Novum  Organum,  Wil¬ 
liam  Gilbert  performed  experiments  to  prove  that  the  “elec¬ 
trics,”  such  as  amber,  differ  from  the  loadstone  or  magnet.  He 
wrote:  “These  two  differ  widely  from  each  other,  and  become 


286 


THE  PRINCIPLES  OF  REASONING 


unlike — the  one  (magnets)  ennobled  by  many  virtues  and  pre¬ 
potent;  the  other  lowly,  of  less  potency,  and  confined  in  certain 
prisons  as  it  were;  wherefore  its  force  has  to  he  awakened  by 
friction  till  the  substance  attains  a  moderate  heat,  and  gives 
off  an  effluvium,  and  its  surface  is  made  to  shine.  Moist  air 
blown  on  it  from  the  mouth,  or  a  current  of  humid  air  from 
the  atmosphere  chokes  its  power;  and  if  a  sheet  of  paper  or 
a  linen  cloth  be  interposed  there  is  no  movement.  But  load¬ 
stone,  neither  rubbed  nor  heated,  and  even  though  it  he  drenched 
with  liquid,  and  whether  in  air  or  water,  attracts  magnetic 
bodies,  and  that  though  solidest  bodies,  or  boards,  or  thick  slabs 
of  stone,  or  plates  of  metal  stand  between”  (from  Treatise  on 
Magnetism,  p.  86,  published  in  1601).  Analyze  this  example  to 
show  how  many  circumstances  Gilbert  varied,  one  at  a  time,  in 
testing  the  difference  between  a  magnetic  body  and  an  electric 
body.  Is  this  a  problem  in  casual  connections?  Is  it  an  antici¬ 
pation  of  the  method  of  difference  of  Mill?  Why,  or  why  not? 
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What  Explanation  Is 

.Explanation  _has  to  do  hath  with  facts  and  with  laws. 
It  differs  only  in  degree  from  causality  and  probability. 
Any  definitely  established  causal  connection  may  be  said 
to  explain  the  facts  which  are  causes  and  effects  within 
that  particular  order  system.  Hence  the  discovery  of 
causal  laws  by  the  use  of  Mill’s  methods  is  a  partial  ex¬ 
planation  of  facts.  Similarly  a  law  of  probability  may 
be  said  to  be  an  explanation  of  the  numerous  data  which 
are  studied  statistically  in  reaching  it.  But  the  important 
point  is  that  both  the  causal  and  the  probable  law,  estab¬ 
lished  for  a  definite  set  of  data,  are  only  partial  explana¬ 
tions.  They  omit  many  of  the  detailed  aspects  of  the 
implicative  system  in  which  they  live  and  move.  Now, 
explanation  is  the  scientist’s  attempt  to  correlate  or  synthe¬ 
size  different  laws  of  both  kinds,  causal  and  probable,  so 
as  to  effect  a  fuller  interpretation  of  the  whole  system. 
Thus  explanation  deals  both  with  the  facts,  and  with  the 
laws  discovered  by  statistical  and  causal  methods  to  in¬ 
terpret  these  facts,  but  it  always  seeks  a  higher  principle 
of  explanation  which  will  clarify  all  of  the  interrelations 
within  the  ordered  system  of  data  and  laws  under  consid¬ 
eration.  We  do  not  fully  explain  a  fact  until  we  compre¬ 
hend  the  nature  of  the  underlying  system  sufficiently  well 
to  tell  just  what  the  fact  is  in  its  numerous  relations,  and 
exactly  why  it  is  what  it  is.  Once  the  deeper  nature  of 
this  system  is  discovered,  and  formulated  as  a  principle  of 
explanation,  the  whole  confused,  or  relatively  confused, 
mass  of  facts  and  laws  which  come  under  its  juris- 
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diction  are  brought  into  an  ordered  unity.  The  why  of 
each  of  them  is  apparent.  Consequently  the  goal  of 
science  as  a  whole,  as  well  as  of  each  particular  science, 
is  a  complete  explanation  of  all  concrete  facts  and  special 
laws.  And  within  a  separate  science  such  a  complete 
explanation  is  usually  spoken  of  as  a  theory  or  explan¬ 
atory  principle  rather  than  as  a  law.  Yet  some  very 
general  laws  are  also  explanatory  principles.  Such,  for 
example,  is  Newton’s  law  of  gravitation.  The  tremendous 
significance  of  the  theory  of  evolution  is  to  be  found  in  the 
fact  that  it  is  an  explanatory  principle  of  the  greatest  range 
and  moment.  The  nebular  theory  in  astronomy  and  the 
theory  of  relativity  for  the  physical  sciences  are  other  ex¬ 
amples.  Every  science  tends  to  culminate  in  some  all- 
inclusive  theory,  or  explanatory  principle  of  this  sort. 
Such  a  theory  is  the  scientist’s  attempt  at  a  full  explana¬ 
tion  for  all  his  laws  and  facts,  and  that  is  why  there  is 
such  an  upheaval  in  a  science  when  a  new  theory  sup¬ 
plants  an  old  one.  The  Copernican  theory  in  astronomy 
created  a  fearful  disturbance  in  upsetting  the  old  Ptole¬ 
maic  theory,  and  the  new  theory  of  relativity  seems  now 
to  be  producing  a  similar  effect  in  the  physical  sciences. 

Perhaps  the  nature  of  explanation  can  be  made  still 
clearer  by  a  very  simple  illustration.  Suppose  I  find  a 
single  piece  of  a  child’s  pasteboard  picture  puzzle  which 
consists  of  twelve  pieces  in  all.  Taken  by  itself,  I  may 
ponder  over  what  it  is  and  not  be  able  to  understand  it 
at  all.  But  when  I  am  shown  the  other  eleven  pieces,  and 
am  told  that  the  one  I  hold  in  my  hand  is  the  twelfth  of 
a  set  forming  a  single  picture,  I  begin  to  understand  what 
the  single  piece  is.  When  I  put  the  twelve  pieces  together 
to  form  the  picture,  I  get  a  much  better  understanding 
of  the  single  piece,  in  that  I  now  see  its  relations  to  the 
other  pieces  and  its  contribution  to  the  complete  picture. 
When  I  break  up  the  picture  and  take  this  piece  apart  from 
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the  others,  it  thereafter  has  for  me  the  meaning  it  got 
from  its  relations  to  the  other  pieces.  I  have  found  the 
complete  explanation  of  that  piece  in  its  relations  to  the 
whole  puzzle.  All  explanation  is  like  this — only  the  sys¬ 
tems  into  which  facts  are  fitted  in  scientific  research  are 
the  infinitely  complex  systems  which  make  up  nature  or 
the  real  world.  The  full  explanation  of  a  fact  does  not 
come,  even  to  a  scientist,  until  the  woi'k  of  comprehending 
the  system  in  question  is  completed.  Sometimes  this  takes 
years  and  years,  and  the  cooperation  of  many  highly  intel¬ 
ligent  and  well-trained  research  workers.  Each  one  builds 
on  what  was  accomplished  by  his  predecessors,  and  the 
final  explanation  is  not  reached  until  the  work  is  completed. 
A  fact  or  law  is  explained  only  when  a  sufficient  knowledge 
of  the  system  to  which  it  belongs  is  reached  to  enable  one 
to  interpret  the  fact  or  law  in  terms  of  that  system,  and 
as  one  of  the  actual  members  of  that  coherent  and  orderly 
whole. 

The  Relation  of  a  Theory  to  Its  Facts 

What  is  the  relation  between  a  theory  and  the  facts 
which  it  is  supposed  to  explain?  Does  the  explanation  of 
a  set  of  facts  take  us  away  from  the  facts  ?  Is  it  purely 
human  or  manmade,  whereas  they  are  natural  and  inde¬ 
pendent  of  man’s  mind?  Or  does  an  explanation  express 
an  actual  system  of  things  in  which  the  facts  live  and 
move?  Are  the  facts  retained  in  the  explanation,  or  are 
they  dropped  out  and  left  behind?  These  questions  are 
among  the  most  significant  and  searching  that  can  be  asked 
in  the  whole  field  of  logic.  The  opposite  answers  divide 
logicians  into  hostile  camps  to  such  an  extent  that  it  is 
doubtful  whether  a  better  introduction  to  contemporary 
logical  theories  of  science  could  be  found  than  that  af¬ 
forded  by  a  study  of  this  controversy.  Here  it  is  only 
possible  to  sketch  the  central  theories,  but  in  order  to  make 
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the  discussion  more  intelligible  it  seems  best  to  give  a  clear 
illustration  of  a  universally  recognized  bit  of  scientific  ex¬ 
planation  on  which  to  hang  it. 

No  illustration  of  scientific  explanation  is  more  famous 
or  better  suited  to  elucidate  the  real  meaning  and  the  con¬ 
flicting  theories  of  explanation  than  the  investigations  of 
Tycho  Brahe,  Kepler,  and  Newton  which  led  to  the  aban¬ 
donment  of  the  old  Ptolemaic  theory  of  the  planetary  mo¬ 
tions  and  the  substitution  for  it  of  the  Newtonian  theory.1 
At  different  times  during  the  year,  Tycho  Brahe  made 
numerous  careful  observations  of  the  positions  of  the  planet 
Mars  in  the  attempt  to  discover  its  actual  orbit.  Kepler 
used  Brahe’s  tabulations  as  a  starting  point  for  his  own 
investigations  and  finally,  after  countless  failures — “driv¬ 
ing  him,”  as  he  says,  “almost  to  insanity,”  he  at  length  had 
the  intense  gratification  of  finding  that  an  elliptical  orbit 
described  about  the  sun  in  one  of  the  foci  agreed  accurately 
with  the  observed  motions  of  the  planet  Mars.  ’  ’  2  Extend¬ 
ing  this  to  the  other  planets  he  formulated  his  famous  first 
law:  The  orbits  of  the  planets  are  ellipses  having  the  sun 
at  one  focus.  Before  this  law  was  formulated  the  actual 
planetary  motions  were  a  baffling  mystery  to  astronomers. 
Kepler’s  law  was  a  partial  explanation  of  these  move¬ 
ments.  It  brought  into  an  orderly  array  a  prodigious 
number  of  facts  which  had  hitherto  been  in  a  chaotic  state, 
namely,  the  various  observed  positions  of  Mars  and  other 
planets.  The  principle  of  the  elliptical  orbit  now  became 
an  explanation  of  these  positions.  But  this  was  only  a 
partial  explanation.  It  explained  only  the  positions.  The 
problem  now  arose  of  explaining  the  ellipses.  “Why  do 

1  For  a  fuller  excellent  account  of  the  logical  aspects  of  this  de¬ 
velopment  in  astronomical  theory,  see  Introduction  to  Reflective 
Thinking,  Ch.  III.  And  on  the  general  nature  of  explanation  see 
Ch.  VI  of  the  same  work. 

2  Baden-Powell,  History  of  Natural  Philosophy,  p.  150.  Quoted 
from  Mellone’s  Introductory  Logic,  p.  295. 


EXPLANATION 


293 


the  planets  move  in  elliptical  orbits?”  is  the  question 
which  Newton  answered,  thereby  giving  a  complete  ex¬ 
planation  of  the  data.  Newton  showed  Kepler’s  law  to  be 
a  special  case  of  a  far  more  general  law.  His  principle 
of  gravitation  explains  why  the  planets  must  move  in 
ellipses,  enables  us  to  calculate  the  exact  orbit  each  planet 
must  follow,  and  the  extent  to  which  the  gravitating  forces 
of  other  planets  would  create  aberrations  in  the  elliptical 
orbit  of  any  particular  planet.  This  is  what  led  to  the 
discovery  of  Neptune,  which  we  used  to  illustrate  the 
method  of  residues.  Newton’s  law  of  gravitation  is  thus 
an  explanatory  principle  of  the  greatest  range  and  of  the 
highest  value.  Its  explanation  of  the  planetary  move¬ 
ments  may  be  said  to  be  complete.  Keeping  in  mind  this 
wonderful  illustration  of  an  explanatory  principle,  let  us 
return  to  the  question  asked  above.  What  is  the  relation 
of  this  or  any  explanation  to  the  actual  facts  it  is  supposed 
to  explain? 

1.  The  Abstractionists’  Theory.  Consider  first  the  an¬ 
swer  of  logicians  who  may  be  called  abstractionists.  Ac¬ 
cording  to  this  view,  explanations  are  purely  abstract 
human  constructions  or  generalizations.  They  are  just 
our  human  way  of  looking  at  the  facts  and  of  reducing 
them  to  a  conceptual  unity.  Just  as  the  human  being 
forms  universal  ideas,  like  redness,  by  abstracting  some 
feature  of  a  single  experience  away  from  that  particular 
experience  and  erecting  it  into  a  general  abstract  idea, 
so  the  scientist,  or  many  cooperating  scientists,  abstract 
away  from  concrete  sense  data  some  common  characteristic 
which  is  called  a  law  or  explanatory  principle.  We  must 
not  think  that  in  reality  or  the  nature  of  things  there  is 
any  such  law.  It  is  purely  the  work  of  the  scientist.  in¬ 
deed  the  more  general  it  is,  the  farther  removed  it  is  from, 
concrete  facts.  Science  is  the  Ipursuitof  the  widest  pos- 
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sible  generalizations,  which,  when  reached  are  the  farthest 
possible  removed  from  the  actual  detailed  facts  of  experi¬ 
ence. 

Thus  Karl  Pearson,  a  well-known  advocate  of  this  posi¬ 
tion,  writes: 

A  scientific  law  is  the  resume  or  brief  expression  of  the  rela¬ 
tionships  and  sequences  of  certain  groups  of  perceptions  and  con¬ 
ceptions,  and  exists  only  when  formulated  by  man.  .  .  .  The  law 
of  gravitation  is  not  so  much  the  discovery  by  Newton  of  a  rule 
guiding  the  motion  of  the  planets  as  his  invention  of  a  method  of 
briefly  describing  the  sequence  of  sense  impressions  which  we 
term  planetary  motion.  .  .  .  The  statement  of  this  formula  was 
not  so  much  the  discovery  as  the  creation  of  the  law  of  gravita¬ 
tion.  A  natural  law  is  thus  seen  to  be  a  resume  in  mental  short¬ 
hand,  which  replaces  for  us  a  lengthy  description  of  the  sequences 
among  our  sense  impressions.  Law,  in  the  scientific  sense,  is 
thus  essentially  a  product  of  the  human  mind  and  has  no  meaning 
apart  from  man.  It  owes  its  existence  to  the  creative  power  of 
his  intellect.  There  is  more  meaning  in  the  statement  that  man 
gives  laws  to  Nature  than  in  its  converse  that  Nature  gives  laws 
to  man.8 

It  is  my  opinion  that  nothing  could  be  falser  than  this 
view.  To  say  wliat  is  here  said  is  to  make  nature,  as  we 
know  it,  a  construction  of  the  human  mind.  Can  any 
scientist  think  that  he  is  only  expressing  the  connections 
among  his  own  sense  impressions  when  he  formulates  an 
explanatory  law?  Certainly  not.  He  knows  full  well 
that  his  explanatory  principle  is  worthless  if  it  fails  to 
express  the  actual  order  in  the  nature  of  things.  The 
value  of  Newton’s  explanation  of  the  planetary  movements 
is  to  be  found  in  the  fact  that  it  is  a  very  exact  formulation 
of  the  order  of  nature  itself  and  not  simply  of  his  own 
impressions.  But  in  spite  of  its  falsity  this  view  of  ex¬ 
planation  is  very  widespread  among  contemporary  logi¬ 
cians.  It  is  a  vicious  subjectivism  which  is  really  rooted  in 
extreme  scepticism. 


s  Karl  Pearson,  Grammar  of  Science  (3d  ed. ),  pp.  82,  86. 
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2.  The  Bergsonian  Theory  of  Explanation.  The  French 
philosopher,  Henri  Bergson,  has  put  forth  the  theory  that 
all  explanation  falsifies  the  facts.  He  is  the  most  emi¬ 
nent  living  representative  of  a  view  known  as  anti-intellec- 
tuaXism.  Science  is  for  him,  too,  a  construction  of  the 
human  intellect.  It  is  valuable  in  practical  life  to  make 
these  scientific  constructions  known  as  explanations,  but 
they  are  profoundly  untrue  to  the  actual  facts.  To  get 
at  the  facts  as  they  are  we  must  use  intuition  and  not 
scientific  analysis.  Only  an  intuitive  insight,  only  a  plac¬ 
ing  of  oneself  inside  of  the  living  facts  will  enable  one  to 
know  facts  as  they  are.  Explanations  give  us  exterior 
views,  inert  and  dead  constructions,  of  living  facts.  New¬ 
ton’s  formula  is  about  as  far  removed  from  the  living 
movements  of  the  planets  as  it  could  possibly  be.  Those 
movements  are  real,  but  his  formula  is  a  dead  scientific 
abstraction. 

Indeed,  according  to  Bergson,  there  are  four  distinct 
stages  in  explanation,  each  one  of  which  keeps  getting 
farther  and  farther  awTay  from  the  facts.  Facts  are  di¬ 
rectly  known  by  intuition.  But  we  begin  to  leave  these 
intuitively  known  facts  behind  in  the  very  first  stage  of 
explanation,  which  is  the  distinguishing  of  common  quali¬ 
ties  in  the  facts.  For  these  qualities  are  not  really  dis¬ 
tinct.  But  science  must  have  cut  and  dried  classes  and 
it  makes  them  by  separating  out  the  various  qualities — 
color,  weight,  solidity,  et  cetera.  The  second  stage  in  ex¬ 
planation  is  to  classify  the  facts  by  putting  them  into  these 
man-made  classes.  Thus  I  say  “Red  is  a  color  and  coal  is 
heavy.”  Here  we  are  two  degrees  removed  from  fact.  We 
have  artificial  classes  into  which  we  try  to  fit  each  fact, 
but  we  first  got  our  classes  by  setting  up  distinctions  which 
do  not  exist  in  the  facts.  As  a  result  of  classification  the 
facts  are  falsified  into  events  and  sense  objects.  Now  the 
third  stage  in  explanation  Bergson  calls  induction.  This 
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is  the  point  at  which  we  started  in  our  account  of  explana¬ 
tion  above.  Here  laws  are  formulated  to  express  the  rela¬ 
tion  between  events  and  sense  objects.  But  since  these 
things  are  unreal  members  of  unreal  classes,  it  follows  that 
the  relations  are  also  unreal.  And  the  fourth  stage  takes 
us  far  beyond  facts.  For  here  we  substitute  for  these 
objects  mathematical  symbols  such  as  the  formulae  used 
in  physics.  Then  the  relations  expressed  are  relations  be¬ 
tween  symbols,  and  are  no  longer  even  connected  with  the 
facts  from  which  we  started.  Now,  the  poor  deluded 
analytical  scientist  makes  the  mistake  of  thinking  that  these 
dry  bones  of  explanation  are  the  actual  facts.  Bergson, 
however,  knows  by  intuition  that  they  are  absolutely  un¬ 
connected  with  actual  facts  and  are  mere  constructions  of 
man’s  insatiable  desire  to  analyze  and  pigeon-hole  nature.* 
Now  the  scientist  is  surely  wasting  his  time  if  all  of  his 
attempts  to  explain  the  world  of  our  human  experience  are 
carrying  him  out  into  an  ocean  of  fantastic  dreams  and  un¬ 
realities  such  as  Bergson  supposes  scientific  explanations  to 
be.  The  only  answer  that  can  be  made  to  all  such  views  of 
the  relation  of  explanations  to  facts  is  to  point  out  that  they 
make  of  modern  science  a  fairy  tale.  And  this  is  a  suffi¬ 
cient  answer.  We  have  to  assume  that  scientific  explana¬ 
tions  are  taking  us  deeper  and  deeper  into  the  real  nature 
of  things.  We  must  believe  that  theoretical  scientists,  who 
are  engaged  in  a  disinterested  pursuit  of  truth,  are  formu¬ 
lating  the  actual  structure  of  the  universe  in  their  explana¬ 
tory  principles.  To  make  any  other  assumption  would  be 
to  repudiate  the  one  solid  foundation  upon  which  modern 
civilization  is  built.  Explanation  is  the  goal  of  science.  As 
science  advances,  the  explanatory  principles  which  it  for¬ 
mulates  express  more  and  more  accurately  the  actual  order 
systems  which  constitute  the  real  world.  They  represent 


*  See  Mrs.  Karin  Stephens,  The  Misuse  of  Mind.  Ch.  I. 
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actual  discoveries  of  the  intricate  systems  in  nature,  and  are 
not  mere  inventions  of  the  human  mind.  The  theories  of 
the  scientists  do  not  falsify  the  facts.  On  the  contrary,  they 
actually  comprehend  the  facts  by  bringing  into  the  light 
and  giving  precise  expression  to  the  actual  underlying  sys¬ 
tem  of  reality  within  which  these  facts  are  fragments.  The 
inmost  essence  of  explanation  is  the  implicative  system,  for 
i  it  is  the  nature  of  this  system  which  is  expressed  in  explana¬ 
tory  laws. 

Before  we  take  up  the  methods  of  explanation  it  should 
be  especially  emphasized  that  they  cannot  be  sharply  sep¬ 
arated  from  the  methods  already  considered.  For  those 
methods  are  employed  in  the  early  stages  of  explanation. 
But  in  the  working  out  of  a  complete  and  comprehensive 
explanatory  theory  special  methods  are  used,  and  they  are 
known  as  explanatory  methods  just  because  of  their  effec¬ 
tiveness  in  taking  the  investigator  beyond  the  point  reached 
when  he  restricts  himself  to  the  use  of  the  statistical  and 
experimental  methods.  For  this  reason  the  most  important 
method  of  this  group,  namely,  the  complete  method  of  ex¬ 
planation,  is  also  the  most  important  method  known  to  sci¬ 
ence.  As  was  said  above,  it  is  the  scientific  method  par 
excellence. 


CHAPTER  XXIII 


THE  METHOD  OF  ANALOGY 

Justification  for  Treating  Analogy  as  a  Scientific  Method 

The  term  analogy  is  another  one  of  those  logical  terms 
which  is  used  in  a  great  variety  of  ways.  Under  the  name 
of  the  paradeigma  it  was  recognized  as  a  form  of  argument 
by  Aristotle.  And  ever  since  his  day  analogical  reasoning 
has  been  used  extensively  and  deliberately  in  every  depart¬ 
ment  of  human  knowledge.  It  has  always  played  an  espe¬ 
cially  significant  role  in  theology.  Owing  to  the  great  antiq¬ 
uity  of  this  form  of  reasoning  it  might  be  thought  that  it 
should  have  been  included  in  Part  One,  under  traditional 
Aristotelian  logic,  instead  of  being  reserved  for  treatment 
here  as  one  of  the  inductive  methods.  Then,  too,  the  fact 
that  it  has  been  one  of  the  pillars  by  which  theology  has 
always  been  supported  is  also  calculated  to  deprive  it  of  the 
right  to  be  treated  as  a  scientific  method.  Hence,  before 
explaining  in  detail  what  analogical  reasoning  is,  and  as 
a  preliminary  stage  to  such  a  setting  forth  of  its  nature,  it 
is  first  necessary  to  state  briefly  the  reasons  for  treating 
analogy  as  a  scientific  method  and  for  including  it  among 
the  explanatory  methods. 

In  the  first  place,  almost  all  modeim  textbooks  place 
analogy  under  inductive  rather  than  under  deductive  logic. 
This  is  because  it  includes,  as  Bosanquet  has  rightly  re¬ 
marked,  “an  aspect  of  discovery,  as  well  as  the  aspect  of 
proof.  ”  It  is  this  aspect  of  discovery,  which  sets  analogical 
reasoning  apart  from  traditional  syllogistic  inference,  and 
justifies  treating  it  under  the  methods  of  science. 

In  the  second  place,  analogy  is  employed  quite  exten- 
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sively  in  every  branch  of  science,  from  the  most  exact  and 
abstract,  such  as  physics  and  chemistry,  to  the  more  con¬ 
crete  and  complex,  such  as  the  social  sciences.  Botanical 
classification,  the  diagnosis  of  diseases  in  medical  science, 
historical  interpretation,  social  and  economic  theories, 
chemical  and  physical  discoveries,  all  more  or  less  involve 
analogical  reasoning.  This  extremely  widespread  use  of 
analogy  in  the  various  sciences  also  justifies  treating  it  as 
one  of  the  scientific  methods. 

Yet,  as  was  suggested  above  in  the  classification  of  the 
methods,  why  not  regard  analogy  as  one  of  the  methods  of 
probability,  instead  of  treating  it  here  under  explanatory 
theory  ?  For  it  is  usually  considered  to  be  a  part  of  prob¬ 
able  reasoning.  Now  it  must  be  conceded  that  analogy 
gives  only  a  degree  of  probability  rather  than  that  kind  of 
certitude  which  results  from  careful  experiment.  If  the 
word  probability  is  used  in  the  broad  sense  to  mean  the 
degree  of  certitude  which  a  method  yields,  analogy  would 
undoubtedly  belong  under  the  methods  of  probability.  But 
in  the  last  analysis  so  would  all  other  methods.  However 
that  may  be,  analogy  is  frequently  used  to  effect  a  more 
complete  explanation  than  can  be  reached  by  the  methods 
of  probability  in  the  sense  of  sampling  and  statistics.  More¬ 
over,  as  we  have  already  suggested,  it  is  very  often  applied 
in  fields  of  investigation  which  fall  outside  of  statistical 
data.  Then,  too,  and  from  the  point  of  view  of  our  classi¬ 
fication  of  the  methods  this  is  very  significant,  analogy 
stands  in  the  same  relation  to  the  complete  method  of  ex¬ 
planation  that  agreement  stands  to  the  method  of  differ¬ 
ence,  or  simple  enumeration  to  statistics.  Its  function  is 
to  suggest  fruitful  explanatory  principles,  just  as  it  is  the 
function  of  the  method  of  agreement  to  suggest  causal  con¬ 
nections,  and  of  simple  enumeration  to  suggest  probable 
laws.  These,  then,  are  the  reasons  for  treating  analogy 
as  one  of  the  explanatory  methods. 
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The  Dual  Meaning  of  Analogy 

There  is  a  narrow  and  a  broad  interpretation  of  analogy, 
and  a  discussion  of  each  will  help  to  make  clear  what  is 
meant  by  this  type  of  reasoning. 

1.  Mathematical  Analogy.  According  to  this  theory, 
analogy  should  be  restricted  to  relations  and  should  never 
be  applied  to  things  or  objects — the  terms  of  relations. 
Thus  we  say  that  the  relation  between  a  captain  and  his 
crew  is  analogous  to  the  relation  between  the  Mikado  of 
Japan  and  his  subjects.  There  is  a  resemblance  or  sim¬ 
ilarity  between  these  two  relations  such  that  one  can  argue 
to  unknown  details  about  the  relation  between  the  Mikado 
and  his  subjects  from  a  knowledge  of  those  details  in  regard 
to  the  relation  between  a  captain  and  his  crew.  Or,  to  put 
it  differently,  the  fact  of  a  resemblance  justifies  one  in 
using  what  is  known  about  one  relation  to  explain  what  is 
not  known  about  the  other.  Because  certain  things  are 
known  to  be  involved  in  one  of  the  relations,  it  is  assumed 
that  the  fact  of  resemblance  carries  with  it  the  same  things 
for  the  other  relation.  Now  this  view  that  only  relations 
are  involved  in  analogical  reasoning,  or  that  analogy  con¬ 
sists  in  an  argument  from  known  features  of  one  relation  to 
unknown  features  of  another  relation,  by  virtue  of  a  known 
resemblance  between  the  two  relations,  is  what  is  meant  by 
mathematical  analogy.  And,  although  this  meaning  of 
analogy  must  be  retained,  it  is  far  too  narrow.  Analogy 
is  also  concerned  with  things  or  objects  which  resemble. 
On  this  point  practically  all  logicians  are  agreed.  Con¬ 
crete  realities,  and  not  abstract  relations,  are  the  material 
with  which  analogy  is  primarily  concerned. 

2.  Logical  Analogy.  The  view  which  includes  in  the 
definition  of  analogy  objects  which  resemble,  as  well  as 
similar  relations,  may  be  designated  logical  analogy,  to 
distinguish  it  from  mathematical  analogy.  Resemblances 
between  relations,  then,  are  only  a  small  part  of  the  re- 
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semblances  with  which  analogy  works.  Any  similarity  be¬ 
tween  objects  may  be  used  as  the  basis  for  an  inference  by 
analogy.  Now,  to  be  sure,  the  deeper  the  resemblance  is 
rooted  in  the  nature  of  the  two  objects  or  relations  involved, 
the  greater  the  value  of  an  inference  from  it.  Moreover, 
the  larger  the  number  of  resemblances,  the  more  probable 
the  conclusion.  Logical  analogy,  then,  means  that  infer¬ 
ence  which  is  drawn  about  unknown  features  of  a  certain 
object,  based  upon  a  known  resemblance  between  it  and 
another  object,  about  which  what  is  inferred  in  the  analogy 
is  already  known.  Thus,  Mars  and  the  earth  are  both  alike 
in  being  planets,  they  are  nearly  equidistant  from  the  sun, 
each  has  an  atmosphere,  they  are  alike  in  conditions  of  day 
and  night,  temperature,  seasons,  humidity,  etc.,  each  has 
seas  and  continents.  Now  all  these  resemblances  being 
established  by  various  observations,  we  may  infer  by  anal¬ 
ogy,  from  our  knowledge  that  the  earth  supports  organic 
life,  that  the  planet  Mars  is  also  inhabited.  Since  they 
resemble  in  so  many  different  ways,  why  not  in  this  matter 
of  supporting  life  ?  This  is  a  stock  illustration  of  reasoning 
by  analogy.  All  that  can  be  claimed  for  it  is  a  certain  de¬ 
gree  of  probability. 

Analysis  and  Exemplification  of  the  Method  of  Analogy 

Having  made  clear  the  general  meaning  of  analogical 
inference,  it  is  now  necessary  to  give  a  more  detailed  analy¬ 
sis  to  bring  out  the  separate  steps  in  the  method. 

The  first  step  consists  of  a  careful  observation  and  listing 
of  the  points  of  similarity  between  the  two  objects  or  rela¬ 
tions  under  investigation.  If  the  inference  is  to  be  of  real 
scientific  value,  this  should  be  done  with  the  utmost  care 
and  attention.  It  is  especially  important  to  find  as  many 
as  possible  fundamental  resemblances,  as  distinct  from 
purely  external  and  superficial  likenesses.  Hence,  each 
observed  similarity  must  be  carefully  weighed  or  estimated, 
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in  comparison  with  the  others,  so  that  the  fundamental 
ones  may  be  sorted  out  from  those  which  are  really  insig¬ 
nificant.  In  certain  cases  this  testing  of  the  resemblances 
might  involve  experiment. 

The  second  step  in  the  method  of  analogy  is  the  obser¬ 
vation  and  tabulation  of  all  of  those  aspects  which  are 
known  about  one  object,  and  not  about  the  other.  Two 
lists  should  be  drawn  up.  The  more  exhaustively  each 
object  is  known,  over  and  above  the  similarities  between 
them,  the  greater  the  value  of  the  inference. 

The  third  step  is  to  select  from  among  those  things 
which  are  known  about  one  of  the  objects,  and  unknown 
about  the  other,  those  which  are  most  likely  to  be  true  of 
both.  These  should  be  carefully  formulated,  as  hypothe¬ 
ses  or  explanatory  principles.  That  is  to  say,  they  should 
be  expressed  as  definite  analogical  inferences  to  the  effect 
that  since  one  object  has  the  characteristics  in  question, 
and  also  resembles  the  other  object  in  various  known  re¬ 
spects,  therefore  the  other  must  also  possess  these  same 
characteristics. 

Now  it  goes  without  saying  that  the  method  of  analogy 
may  be,  and  frequently  is,  used  without  these  separate 
steps  being  differentiated.  But  in  order  to  comprehend 
fully  what  analogy  involves,  it  is  necessary  to  represent 
the  process  as  being  more  formal  than  it  usually  is  in 
actual  scientific  procedure. 

A  distinguished  French  historian,  E.  F.  Gautier,  has 
recently  put  forth  an  interesting  explanation  of  the  great 
World  War  in  which  the  method  of  analogy  plays  a  sig¬ 
nificant  role.  He  enumerates  certain  resemblances  between 
the  history  of  France  and  the  evolution  of  species  of  ani¬ 
mals.  The  data  of  history,  he  holds,  are  very  similar  to 
the  data  of  paleontology.  There  are,  for  instance,  the 
same  laws  of  growth,  maturity  and  senescence,  and  evolu¬ 
tion  into  a  new  and  more  developed  species.  And  he 
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goes  on  to  enumerate  five  chief  cycles  in  the  evolution 
of  France.  These  are:  (1)  the  conquest  of  France  by 
the  Romans;  (2)  the  invasion  of  the  barbarian  hordes, 
which  overthrew  and  utterly  destroyed  the  Roman  power 
in  all  of  Gaul;  (3)  the  invasion  of  the  Normans;  (4)  the 
One  Hundred  Years’  War;  and  (5)  the  great  World  War 
of  1914.  He  points  out  that  each  of  these  leading  events 
was  a  great  catastrophe,  similar  to  those  recorded  in  the 
rocks  for  animal  species.  Each  cycle  occurred  at  an  in¬ 
terval  from  the  catastrophe  preceding  of  about  five  hun¬ 
dred  years  or  fifteen  generations,  and  from  each  was  born 
a  new  era  in  France.  And  this,  too,  is  similar  to  the  cycles 
involved  in  the  evolution  of  the  species.  In  short,  since 
the  invasion  of  Caesar,  five  successive  Frances  can  be 
traced,  and  this  evolution  is  quite  like  those  separate  stages 
in  the  evolution  of  such  a  species  as  the  horse  and  the 
elephant. 

But  now  we  know  that  cataclysms  among  the  species  are 
followed  by  a  rejuvenation  and  a  new  development.  After 
each  one  of  the  cataclysms  there  is  an  upward  and  higher 
progress.  And  in  the  case  of  the  four  past  cycles  in  French 
history  this  is  also  known  to  have  happened  to  France. 
Therefore,  on  the  basis  of  this  close  resemblance,  Gautier 
infers  that  France  can  look  forward  to  a  new  cycle  of  re¬ 
juvenated  national  energy.  This  is  the  explanatory  theory 
which  he  reaches  as  a  result  of  his  analogy. 

What,  now,  is  to  be  thought  of  this  analogy  ?  It  is  highly 
suggestive,  interesting  and  original.  But  does  it  prove 
the  conclusion  ?  Certainly  not.  Only  time  can  prove  his 
theory  that  France  is  entering  a  period  of  rejuvenated 
national  energy.  He  has  only  advanced  a  pleasing  ten¬ 
tative  hypothesis.  The  analogy  is  suggestive,  but  he  does 
not  establish  his  conclusion.  Now  this  is  true  of  every 
analogical  conclusion,  unless  it  is  supported  by  the  com¬ 
plete  method  of  explanation.  The  great  value  of  this 
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method  of  analogy  is  that  it  serves  as  a  guidepost  and 
directs  the  way  to  valid  principles  of  explanation.  To 
prove  that  they  actually  are  valid  it  is  not  within  the  power 
of  this  method  to  do.1 

The  Defects  and  Fallacies  in  Analogical  Reasoning 

Valuable  though  it  is  in  suggesting  fruitful  explanatory 
principles,  analogy  is  subject  to  serious  limitations.  In 
fact,  it  is  a  form  of  reasoning  which  scientists  generally 
scathingly  condemn,  but  which  they  all  find  it  necessary  to 
use.  One  of  its  chief  defects  is  that  it  does  not  take  account 
of  differences.  It  throws  the  whole  emphasis  upon  resem¬ 
blances,  but  the  differences  between  objects  are  just  as  sig¬ 
nificant  as  the  likenesses.  Then,  too,  as  we  have  already 
noted,  analogy  is  frequently  based  on  extrinsic  and  super¬ 
ficial  resemblances  instead  of  being  based  on  fundamental 
and  intrinsic  ones.  Moreover,  in  the  example  just  given, 
we  also  have  a  good  illustration  of  basing  the  analogy  on 
too  few  facts.  Aspects  of  the  evolution  of  species  which 
are  frequently  important  are  ignored.  Moreover,  there  are 
highly  complex  factors  entering  into  social  cataclysms 
which  do  not  enter  into  biological  evolution  at  all.  Gau¬ 
tier  oversimplifies  and  ignores  numerous  factors.  On  the 
basis  of  a  comparatively  few  facts  he  makes  what  has  been 
well  called  a  hasty  generalization.  This  is  a  vice  which 
frequently  besets  those  who  resort  to  analogical  reasoning. 

Then  there  is  the  special  vice  known  as  false  analogy. 
This  expression  is  sometimes  used  to  mean  attaching  more 
weight  to  an  argument  from  analogy  than  is  warranted  in 
view  of  the  defects  in  that  form  of  reasoning.  As  Mill 
points  out,  it  is  the  peculiar  vice  of  unimaginative  people  to 

i  M.  Gautier’s  articles  were  entitled :  “Interpretation  Biologique 
des  Grandes  Catastrophes,”  and  they  first  appeared  in  the  Mercure 
de  France  (1920).  I  owe  my  account  to  a  resume,  published  in  the 
Boston  Transcript. 
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overrate  the  importance  of  such  similarities  or  analogies  as 
they  happen  to  observe.  “We  always  find  that  those  are 
the  greatest  slaves  of  metaphorical  language  who  have  but 
one  set  of  metaphors”  (Mill). 

However,  the  real  meaning  of  false  analogy  is  drawing 
an  inference  from  analogy  which  is  no  more  probable,  or 
perhaps  not  even  as  probable,  as  the  reverse  or  contradic¬ 
tory  of  that  conclusion  would  be.  Now  since  some  lines  of 
evolution  are  known  to  have  culminated  in  the  extinction 
of  an  animal  species,  Gautier’s  argument,  as  sketched 
above,  is  also  a  good  illustration  of  false  analogy  in  this 
precise  logical  sense  of  the  word.  Think,  for  instance,  of 
the  conspicuous  example  of  the  Irish  reindeer,  which  de¬ 
veloped  such  stupendous  horns  that  they  became  too  great 
a  strain  on  the  organism  and  led  to  the  extinction  of  the 
species.  May  there  not  be  an  analogy  between  the  final 
stages  of  this  line  of  evolution  and  present-day  France? 
May  not  an  overdevelopment  of  militarism,  imperialism 
and  chauvinism  be  to  France  what  the  Irish  reindeer’s 
horns  were  to  it  ?  How  do  we  know  that  every  national 
catastrophe  will  be  rejuvenating  ?  Other  nations  have  been 
buried  in  oblivion.  May  not  France  also  become  extinct? 

Here  is  another  very  interesting  example  of  false  anal¬ 
ogy  in  this  real  logical  meaning  of  the  term.  Dr.  Brill,  dis¬ 
tinguished  expositor  and  defender  of  Freudian  psychology 
or  psychoanalysis,  suggests  an  explanation  of  why  a  street 
sweeper  he  chanced  to  know  chose  the  realm  of  dirt  for  his 
life  work.  When  challenged  to  give  his  reason  the  man 
said:  “What  does  it  matter  what  you  do?  This  job  is  as 
rotten  and  dirty  as  any  other.”  Dr.  Brill  comments:  “He 
was  an  avowed  anarchist,  and  took  every  occasion  to  decry 
the  rottenness  of  our  social  system.  May  we  not  assume 
that  his  choice  of  a  vocation  was  an  unconscious  effort  to 
clean  up  the  rottenness  of  society,  which  seemed  to  trouble 
him  so  much?”  Now  it  must  be  admitted  that  this  sug- 


306 


THE  PRINCIPLES  OF  REASONING 


gested  explanation  is  entirely  consistent  with  psychoanaly¬ 
sis.  Nevertheless  it  is  an  excellent  example  of  false  analogy. 
For  a  non-psychoanalyst  might  very  well  retort:  “How 
do  you  know  that  the  man  turned  to  scavenging  because  he 
was  dissatisfied  with  the  established  order  of  society?  Per¬ 
haps  he  became  dissatisfied  because  scavenging  was  the  only 
job  he  could  get.”  These  examples  show  very  clearly  how 
guarded  one  must  he  in  using  an  argument  based  on  anal¬ 
ogy-2 


2  For  the  exercise  on  analogy,  see  the  end  of  the  next  chapter. 


CHAPTER  XXIV 


HYPOTHESIS  AND  THE  COMPLETE  METHOD  OF  EXPLANATION 

The  General  Meaning  of  Hypothesis 

The  word  hypothesis  in  science  usually  refers  to  a  defi¬ 
nite  interpretation  of  a  given  set  of  facts,  which  is  put 
forth  as  a  tentative  suggestion  and  remains  partly  or  wholly 
unverified.  After  it  is  once  established  it  ceases  to  be  an 
hypothesis,  and  becomes  a  theory  or  explanatory  principle. 
Such  tentative  and  unproved  suggestions  are  frequently 
referred  to  as  working  hypotheses.  And  in  spite  of  Francis 
Bacon’s  condemnation  of  using  general  axioms  which  have 
not  been  established  by  an  appeal  to  facts,  it  is  now  gen¬ 
erally  conceded  that  science  would  be  reduced  to  mere 
classification  of  observed  data,  if  the  use  of  hypothesizing 
were  forbidden.  Practically  every  great  explanatory  the¬ 
ory,  now  accepted  as  valid  in  science,  was  first  advanced 
by  some  great  scientist  as  an  hypothesis.  Later  it  was 
verified  and  became  an  established  theory.  Verification, 
however,  is  not  a  part  of  the  method  of  hypothesis.  When 
we  pass  to  verification  we  have  entered  the  domain  of  the 
complete  method  of  explanation.  The  method  of  hypothesis 
is  restricted  to  the  formulation  of  good  working  suggestions, 
good  tentative  principles  of  explanation.  Hence  we  may 
distinguish  between  an  hypothesis  and  the  method  of  hy¬ 
pothesis  by  defining  the  former  as  any  well-knit  principle 
which  is  put  forth  as  a  tentative  explanation  of  a  group  of 
facts,  and  by  regarding  the  method  of  hypothesis  as  the 
procedure,  including  the  rules  used,  in  reaching  such  a 
well-knit  principle. 

Although  this  is  the  strictly  logical  meaning  of  liypothe- 
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sis,  there  are  other  current  interpretations  of  the  word 
which  should  be  briefly  differentiated  from  it,  if  confusion 
in  the  use  of  the  term  is  to  be  avoided.  In  the  first  place, 
we  must  distinguish  the  scientific  use  of  the  term,  which 
has  just  been  stated,  from  the  popular  meaning.  According 
to  the  latter,  any  fact  used  to  explain  another  fact  is  called 
an  hypothesis.  Whenever  something  unusual  strikes  the 
attention  of  the  average  unscientific  person,  he  immediately 
puts  forth  the  hypothesis  that  it  must  have  been  due  to 
something  else.  If,  for  example,  he  finds  a  bridge  out,  he 
will  explain  it  by  the  hypothesis  that  there  has  been  a  heavy 
downpour  of  rain  in  that  locality,  or  that  a  heavily  loaded 
truck  or  a  threshing  machine  has  broken  the  bridge  down. 
Thus,  in  such  a  popular  hypothesis,  there  is  really  no  at¬ 
tempt  to  formulate  a  highly  general  principle  of  explana¬ 
tion  to  interpret  a  complicated  mass  of  data.  The  contrast 
between  such  hypotheses  of  popular  thought  and  a  genuine 
scientific  hypothesis,  such  as  the  nebular  hypothesis  in 
astronomy,  is  so  great  that  the  distinction  between  the  two 
meanings  needs  no  further  elucidation.  For  even  though 
it  be  admitted  to  be  only  a  difference  in  degree,  the  differ¬ 
ence  is  so  vast  that  for  all  practical  purposes  it  is  a  differ¬ 
ence  in  kind. 

But  in  the  second  place  a  genuine  scientific  hypothesis 
must  be  distinguished  from  what  Jevons  well  called  “pure¬ 
ly  descriptive  hypotheses.”  Indeed  the  contrast  here  is  so 
great  that  the  latter  might  almost  be  called  pseudo-scien¬ 
tific  hypotheses.  They  are  just  convenient  names  for  some¬ 
thing  very  unusual,  and  about  which  we  do  not  have  suf¬ 
ficient  knowledge  to  enable  us  to  comprehend  its  nature. 
Thus,  to  use  Jevons’  illustration:  “If  we  are  to  speak  of 
what  constitutes  electricity  .  .  .  the  motion  of  a  fluid  of  a 
very  subtle  character  presents  itself  as  appropriate.  There 
is  the  single-fluid  and  the  double-fluid  theory  of  electricity, 
and  a  great  deal  of  discussion  has  uselessly  been  spent  upon 


HYPOTHESIS  AND  EXPLANATION 


309 


them.  The  fact,  is,  that  if  these  theories  be  understood  as 
more  than  convenient  modes  of  describing  the  phenomena, 
they  are  altogether  invalid.  ’  ’ 1  Scientists  are  now  beginning 
to  suspect  that  the  theory  of  a  luminiferous  ether,  as  the 
bearer  of  wave  motions,  is  another  purely  descriptive  or 
pseudo-hypothesis,  and  that,  to  use  the  ungrammatical,  but 
expressive,  words  of  the  rustic  who  looked  for  the  first  time 
upon  a  circus  giraffe,  “there  ain’t  no  such  animal.”2 

The  Method  of  Hypothesis 

There  is  a  great  deal  of  truth  in  the  contention  that  only 
great  geniuses  have  the  ability  to  formulate  good  scientific 
hypotheses,  and  that  consequently  no  definite  procedure  can 
be  laid  down  by  following  which  they  can  be  reached.  Given 
a  sufficient  store  of  information  in  a  certain  field,  and  the 
scientist,  gifted  with  intuitive  insight  and  high  powers  of 
the  imagination,  simply  sees  connections  among  the  data 
which  the  ordinary  man  never  even  so  much  as  dreams  ex¬ 
ist.  Now  it  must  be  admitted  that  it  is  thus  that  many 
great  hypotheses  are  produced.  “With  accurate  experi¬ 
ment  and  observation  to  work  upon,  ”  says  John  Tyndall, 
in  his  famous  essay  on  The  Scientific  Use  of  the  Imagina¬ 
tion,  “imagination  becomes  the  architect  of  physical 
theory.  Newton’s  passage  from  a  falling  apple  to  a  falling 
moon  was  an  act  of  the  prepared  imagination;  out  of  the 
facts  of  chemistry  the  constructive  imagination  of  Dalton 
formed  the  atomic  theory;  Davy  was  richly  endowed  with 
the  imaginative  faculty,  while  with  Faraday  its  exercise 
was  incessant,  preceding,  accompanying  and  guiding  all  his 
experiments.  .  .  .  W  ithout  the  exercise  of  this  power,  our 
knowledge  of  nature  would  be  a  mere  tabulation  of  co¬ 
existences  and  sequences.” 

1  W.  S.  Jevons,  Principles  of  Science,  2d  ed.,  revised,  p.  522. 

2  See  A.  N.  Whitehead,  An  Inquiry  Concerning  the  Principles  of 
Natural  Knowledge,  Ch.  I. 
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Not  every  scientific  hypothesis,  however,  springs  full- 
grown  from  the  Jovian  mind  of  the  scientific  genius.  Some 
are  only  gradually  formulated  after  years  of  research  and 
painstaking  study.  Moreover,  it  is  easy  to  exaggerate  the 
importance  of  intuitive  insight  on  the  part  of  the  genius  in 
the  invention  of  hypotheses.  They  must  be  based  upon 
facts.  And  in  the  formulating  of  the  hypothesis,  the  hard 
work  which  even  the  genius  must  go  through  with  as  a 
disciplinary  training  is  just  as  important  as  his  crowning 
flash  of  insight.  In  any  case,  certain  general  requirements 
or  rules  to  be  followed  in  reaching  an  hypothesis  are  usually 
given  by  logicians,  and  I  shall  treat  them  as  a  part  of  the 
method  of  hypothesis. 

1.  The  hypothesis  should  be  conceivable  and  not  ab¬ 
surd.  Or,  in  other  words,  it  must  be  capable  of  being 
brought  into  the  received  body  of  knowledge.  This  rule, 
however,  must  be  carefully  interpreted.  It  does  not  mean 
that  all  hypotheses  are  to  be  thrown  out  as  worthless  which 
seem  absurd  to  ordinary  minds.  Few,  indeed,  were  the 
physicians  in  England,  contemporary  with  Harvey,  who 
did  not  look  upon  his  theory  of  the  circulation  of  the  blood 
as  highly  absurd !  Instead  of  being  left  to  individual  taste, 
the  test  of  the  conceivability  of  an  hypothesis  must  be  de¬ 
termined  by  its  power  to  explain  the  facts.  Only  experts 
capable  of  weighing  the  hypothesis  have  a  right  to  say 
whether  it  is  conceivable.  Similarly,  we  cannot  demand 
that  hypotheses  fit  into  the  received  system  of  knowledge  in 
a  purely  mechanical  or  wooden  way.  We  must  never  forget 
that  knowledge  is  a  living  organism,  and  that  new  hypothe¬ 
ses  can  grow  into  the  system,  even  though  they  appear, 
when  first  set  forth,  to  be  so  novel  as  to  be  entirely  out  of 
accord  with  previous  knowledge. 

2.  The  hypothesis  must  be  of  such  a  character  that 
deductions  can  be  made  from  it.  This  is  of  the  utmost  sig¬ 
nificance.  We  cannot  move  a  step  toward  verifying  an  hy- 
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pothesis  until  deductions  are  made  which  are  capable  of 
empirical  verification.  Consequently  every  hypothesis  is 
entirely  valueless  which  is  not  stated  in  such  a  way  that 
various  deductions  can  he  made  from  it. 

3.  An  hypothesis  should  not  contradict  any  of  the 
known  laws  of  nature.  But  here,  again,  we  must  be  on  our 
guard  against  throwing  out  hypotheses  which  appear  to  con¬ 
tradict  these  laws.  Perhaps  a  slight  modification  in  the 
hypotheses  or  a  reformulation  of  the  laws  may  reveal  the 
fact  that  the  supposed  contradiction  does  not  exist.  Every 
new  hypothesis  is  likely  to  appear  contradictory  to  old 
established  natural  laws  simply  because  of  its  strangeness. 
Think,  for  instance,  of  the  new  theory  of  relativity.  Yet 
such  an  hypothesis  cannot  be  thrown  out  entirely  until 
scientists  are  able  to  establish  a  flat  contradiction  between 
it  and  the  known  laws  of  nature.  Here,  as  in  many  other 
matters,  appearances  may  be  deceiving. 

But  the  most  important  element  in  the  method  of  hy¬ 
pothesis  still  remains  to  be  mentioned.  It  is  what  is  known 
as  the  process  of  molding  the  hypothesis.  This  involves 
two  things.  In  the  first  place,  a  good  scientific  hypothesis 
is  usually  the  product  of  a  number  of  different  relatively 
vague  guesses  which  have  been  fused  together  by  a  piocess 
of  elimination  of  the  irrelevant  ideas,  and  of  reconstruction 
of  what  are  left  into  a  clear  and  definite  hypothesis.  Hy¬ 
potheses  are  thus  gradually  constructed  out  of  various  ten¬ 
tative  ideas.  But  in  the  second  place,  the  hypothesis  must 
Palso  be  shaped  to  fit  the  facts.  Even  though  more  than 
one  hypothesis  be  found  to  explain  a  set  of  facts,  all  which 
are  not  molded  into  the  facts  so  that  they  actually  explain 
them  must  be  thrown  out.  By  the  molding  of  an  hypothe¬ 
sis  is  meant  this  process  of  fusing  vague  and  indefinite  ideas 
into  clear  and  precise  principles  of  explanation,  formulated 
so  as  to  fit  the  facts  under  consideration. 

As  an  illustration  of  this  process  of  molding  the  hy- 
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pothesis,  consider  the  following  recent  account  of  investi¬ 
gations  into  the  nature  of  the  disease  known  as  cancer : 

Keeping  in  mind  the  facts  that  cancer  begins  in  a  circum¬ 
scribed  area  and  increases  in  size  by  a  continuous  multiplication 
of  cells,  the  crux  of  the  problem  presented  by  it  is  seen  to  be: 
How  are  the  cells  in  the  localized  area  concerned,  started  on  their 
altered  tempo  of  growth,  and  why  are  they  unaffected  by  the 
restraining  influence  which  normally  holds  the  cells  of  the  rest 
of  the  body  within  proper  bounds?  It  would  be  very  natural 
to  assume  that  a  weakening  of  the  restraint  which  the  cells  of 
the  body  exert  on  each  other  is  merely  a  part  of  the  general 
weakening  of  the  natural  forces  accompanying  old  age.  A  spe¬ 
cial  circumstance  has  enabled  us  to  eliminate  this  suggestion, 
rendered  unlikely  by  the  fact  of  the  circumscribed  origin  of 
these  growths.  (Note  that  this  suggestion  is  rendered  unlikely 
because  it  does  not  fit  the  facts.)  The  circumstance  alluded  to  is 
the  occurrence  in  certain  animals  of  cancerous  growths  which 
can  be  grafted  successfully  into  normal  animals  of  the  same 
species.  Most  of  this  work  has  been  done  with  mice  and  rats.  A 
careful  day-to-day  study  of  the  site  of  the  inoculation  shows 
that  there  is  no  question  of  the  cells  of  the  inoculated  animal’s 
body  becoming  cancerous.  What  happens  is  that  the  cells  intro¬ 
duced  continue  to  grow  until  they  form  large  masses  of  cells. 
The  process  can  be  repeated  indefinitely  in  a  succession  of  mice. 
Clearly,  then,  the  rapid  and  continuous  growth  of  cancer  cells 
cannot  be  due  solely  to  the  weakening  of  the  restraining  in¬ 
fluence  on  growth  in  the  body  of  the  cancerous  subject.  On 
reflection,  there  seems  to  be  no  escape  from  the  hypothesis  that 
the  cancer  cells  behave  as  they  do,  because  they  are  different 
from  their  neighbors.  They  have  undergone  a  change  in  becom¬ 
ing  cancerous,  by  which  they  no  longer  respond  to  the  influences 
which  restrain  and  regulate  cell  division  and  growth  in  the 
body.8 

Note  that  the  last  sentence  but  one  states  the  molded 
hypothesis,  which  has  been  reached  by  an  elimination  of 
the  tentative  suggestion  stated  in  the  second  sentence  of  the 
quotation.  While  the  hypothesis  has  been  molded  to  fit 

8  Adapted  from  an  article  by  J.  A.  Murray,  entitled,  “The  Bio¬ 
logical  Problem  of  Cancer,”  Discovery,  Vol.  I,  pp.  71  f. 
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the  facts  it  must  be  especially  emphasized  that  it  is  not 
verified.  It  is  put  forth  simply  as  a  working  hypothesis  to 
be  established,  if  at  all,  by  further  investigations. 

The  Complete  Method  of  Explanation 

To  effect  a  complete  explanation  of  a  phenomenon  it 
is  necessary  to  carry  on  the  investigation  until  the  hypothe¬ 
sis  is  fully  verified.  Then  it  ceases  to  be  a  mere  hypothesis, 
however  well  molded,  and  becomes  an  established  theory. 
The  goal  of  explanation  is  to  reach  such  a  comprehensive 
proof  of  a  well-molded  hypothesis  as  will  establish  it  on  an 
impregnable  foundation  and  bring  it  into  the  system  of 
knowledge.  Thus,  Harvey’s  theory  of  the  circulation  of 
the  blood  may  be  regarded  as  such  a  complete  explanation 
of  the  facts  with  which  it  deals.  Four  stages  may  be  dis¬ 
tinguished  in  the  complete  method,  and  in  some  of  them 
other  methods  are  employed. 

1.  Collecting  the  Data.  Given  a  certain  problem,  the 
first  step  is  to  get  a  sufficient  body  of  material  together 
to  carry  on  the  investigation.  This  stage  of  the  method 
will  involve  the  general  basic  methods  of  enumeration  or 
simple  counting  and  observation,  and  in  some  cases  it  may 
even  involve  sampling  and  statistical  methods.  Every 
possible  means  at  the  scientist’s  disposal  must  be  employed 
in  getting  the  data  assembled  and  properly  arranged. 

2.  The  Formulation  of  Hypotheses.  These  may  be  sug¬ 
gested  by  such  methods  as  agreement,  analogy  and  con¬ 
comitant  variations,  and  they  may  be  gradually  molded 
by  the  method  of  hypothesis  which  has  just  been  explained. 
It  is  quite  essential  to  get  one  or  more  good  working  hypoth¬ 
eses  as  tentative  explanations  of  the  data.  Frequently 
many  weeks  or  years  are  spent  on  a  certain  problem  in  the 
effort  to  formulate  fruitful  hypotheses.  For  instance,  as 
we  have  just  seen,  the  attempt  to  explain  the  nature  of 
cancer  is  still  in  this  second  stage. 
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3.  Deductions  from  the  Hypothesis,  or  Hypotheses. 
In  putting  hypotheses  to  the  test,  various  deductions  have 
to  be  made  from  them.  These  may  take  the  form  of  hypo¬ 
thetical  propositions,  such  as,  “If  the  hypothesis  is  true, 
then  this  and  that  and  the  other  consequences  should  fol¬ 
low.”  From  a  single  fruitful  hypothesis,  many  deduc¬ 
tions  may  be  made.  Hence,  hypotheses  from  which  deduc¬ 
tions  cannot  be  made  are  worthless.  It  is  absolutely 
impossible  to  establish  them  as  theories.  This  shows  how  far 
away  from  the  truth  Francis  Bacon  was  in  trying  to  ex¬ 
clude  deduction  from  scientific  method.  The  strictest  form 
of  inductive  inquiry  always  involves  a  deductive  element. 
The  scientist  cannot  make  any  headway  without  formu¬ 
lating  general  working  hypotheses  as  the  major  premises 
for  deductive  inferences.  It  will  be  remembered  that  we 
emphasized  the  importance  of  hypothetical  reasoning  in 
science  in  our  account  of  the  hypothetical  syllogism. 

4.  I  erification  of  the  Separate  Deductions.  This  in¬ 
volves  observation  and  experimentation.  Hence,  Mill’s 
method  of  difference  would  frequently  be  used  here.  Every 
means  must  be  used  to  discover  whether  the  facts  support 
the  deduction  or  deductions.  If  not,  the  hypothesis  must 
be  rejected.  No  hypothesis  is  ever  directly  verified.  Its 
verification  is  via  the  separate  verifications  of  the  deduc¬ 
tions.  If  a  hypothesis  yields  fruitful  deductions,  which 
hold  good  when  an  experiment  is  performed  to  test  them 
out,  or  when  closer  observation  of  the  data  is  made,  the 
hypothesis  is  ipso  facto  verified.  It  is  by  such  a  tedious 
process,  in  which  many  failures  must  be  expected,  many 
blind  alleys  explored,  that  the  really  valuable  explanatory 
principles  of  modern  science  are  raised  from  the  level  of 
mere  guesswork  to  that  of  proven  theory. 

As  an  example  of  the  complete  method  of  explanation, 
consider  the  very  recent  experimental  investigations  which 
have  revealed  the  nature  of  the  Rontgen,  or  S-ray.  All 
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other  light  rays  were  already  known  to  be  wave  motions. 
Hence,  the  natural  hypothesis  was  that  the  X-ray  is  also 
a  wave  motion.  Hence,  this  hypothesis  was  already  molded 
and  ready  for  use  as  a  result  of  investigations  of  other 
kinds  of  light  rays.  The  deduction  made  from  it  was :  If 
the  X-ray  is  a  wave  motion,  then  it  should  be  possible  to 
diffract  it,  and,  when  it  is  diffracted,  it  will  show  the  same 
effects  as  are  shown  by  rays  of  the  sun  which  diffract  into 
lines  of  light,  playing  fantastically  about  and  producing 
unusual  color  effects.  Then  came  the  problem  of  putting 
the  deduction  to  the  test  by  actually  diffracting  the  X-ray 
to  observe  whether  it  would  produce  these  effects.  But  the 
extreme  shortness  of  this  ray  baffled  every  attempt  to  dif¬ 
fract  it  by  any  of  the  known  diffracting  media.  “Then  it 
occurred  to  Max  von  Laue  to  employ  crystals  as  a  grating 
through  which  Kontgen  rays  could  pass.  Crystals  had  for 
some  time  been  regarded  as  geometrical  in  structure,  and 
there  seemed  reason  to  infer  that  they  had  three  dimensions 
in  space.  Such  a  grating,  with  minute  intervals  between 
each  constituent  part,  seemed  just  suited  for  the  diffraction 
of  X-rays.  An  X-ray  was  duly  isolated  by  means  of  a  dark 
screen,  and  then  sent  through  a  crystal  and  caught  on  a 
photographic  plate.  After  its  development  it  revealed  the 
expected  picture  of  an  atomic  structure  or  arrangement. 
All  about  the  imprint  of  the  primary  ray  was  developed 
a  pattern  of  the  diffracted  rays.”  4 

Inasmuch  as  Yon  Laue’s  experiment  was  a  direct  verifi¬ 
cation  of  the  deduction  from  the  hypothesis,  it  follows  that 
the  theory  that  the  X-ray  is  a  wave  motion  is  now  estab¬ 
lished  on  an  impregnable  foundation.  Moreover,  establish¬ 
ing  it  has  thrown  a  flood  of  light  on  a  whole  nest  of  prob¬ 
lems.  For  it  explained  the  nature  of  crystalline  structure, 

4  From  an  article  in  Current  Opinion,  Vol.  LXXII,  pp.  800  f.  A 
fuller  popular  account  of  the  Laue  experiment  is  given  in  Discovery , 
Vol.  I,  pp.  35  f.  See  the  references  there  given. 
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established  the  fact  that  the  X-ray  is  a  wave  motion  and 
proved  conclusively  the  reality  of  the  atom.  Here,  then,  is 
a  simple  and  clear  illustration  of  a  discovery  made  by  the 
complete  method  of  explanation.  The  data  include  X-rays 
and  various  diffracting  media,  especially  crystals.  The 
hypothesis  was  that  the  X-ray  is  a  wave  movement,  and  the 
deduction  and  its  verification  have  been  clearly  stated.  All 
the  steps  of  the  complete  method  are  thus  exemplified  by 
this  illustration. 


Exercise  XV 

In  the  following  examples,  select  (1)  those  illustrating  the 
method  of  analogy,  analyzing  into  three  steps;  (2)  those  illus¬ 
trating  hypothesis,  showing  how  the  hypothesis  is  molded;  and 
(3)  those  illustrating  the  complete  method  of  explanation,  show¬ 
ing  by  careful  analysis  the  four  steps. 

1.  Cold  as  a  Stimulus  to  Growth 

It  has  long  been  thought  that  trees  and  other  perennial  plants 
enter  a  dormant  state  during  the  winter  because  of  the  effect 
of  cold  upon  them,  and  that  the  coming  of  warm  weather  in  the 
spring  rouses  them  to  fresh  growth.  Both  these  ideas  would 
seem  to  be  wrong.  Experiments  by  an  American  botanist,  F.  V. 
Coville,  shoAv  that  trees  and  bushes  enter  the  dormant  state  before 
the  coming  of  cold  weather,  and  that  a  low  temperature  is  not 
required  to  produce  entire  lethargy.  Furthermore,  after  the 
plant  has  begun  to  enter  this  dormant  condition,  a  mere  exposure 
to  a  warmer  atmosphere  is  not  sufficient  to  make  it  begin  to 
grow  again.  Finally,  and  this  is  the  most  surprising  discovery 
of  all,  plants  fail  to  recommence  a  normal  growth  under  the 
influence  of  warm  spring  weather  unless  they  have  first  been 
subjected  to  cold.  According  to  Coville,  the  results  of  whose 
experiments  are  reported  in  The  Proceedings  of  the  National 
Academy  of  Sciences ,  those  shrubs  and  trees  which  have  hiber¬ 
nated  for  two  or  three  months  at  a  low  temperature,  whether  in¬ 
doors  or  out,  will  begin  a  normal  growth  on  the  coming  of 
spring,  but  if  they  are  kept  in  a  warm  place  all  winter  they  will 
continue  to  sleep  indefinitely,  for  weeks,  or  even  a  year.  And 
even  when  they  overcome  this  sleeping  sickness,  their  growth 
is  abnormal.  But  when  a  plant  has  been  buried  in  slumber  for 
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many  months,  it  will  rapidly  awake  and  begin  to  grow  normally, 
if  subjected  to  a  period  of  cold.  The  best  temperature  for 
rousing  such  a  sleeping  plant  is  from  32°  to  41°  F.,  and  it  does 
not  matter  whether  the  operation  is  performed  in  the  light  or 
in  the  dark.  In  fact : 

Frigorific  machines  have  been  installed  in  one  of  the  greenhouses 
belonging  to  the  Department  of  Agriculture,  so  that  at  any  time  a 
plant  can  be  subjected  to  ordinary  temperatures,  or  to  even  greater 
degrees  of  cold. 

If  one  part  of  a  dormant  shrub  is  chilled  in  this  manner  while 
the  rest  of  it  remains  exposed  to  the  warm  air,  the  chilled  portion 
may  begin  to  send  forth  leaves  and  flowers  while  the  rest  of  the 
plant  is  still  hibernating. 

The  reason  for  this  behavior,  it  seems,  is  that  the  chilling  of 
the  plant  occasions  certain  chemical  changes  within  its  tissues, 
causing  the  starch  of  the  cells  to  be  transformed  into  sugar, 
thus  enabling  the  plant  to  make  use  of  its  reserve  supplies  of 
nutriment  and  begin  growing  once  more.  This  transformation 
of  starch  into  sugar  also  creates  a  high  internal  pressure,  so 
great  at  times  that  there  would  be  danger  of  bursting  the  cells 
except  that  the  plant  has  provided  for  such  an  emergency  by 
safety-valves  termed  “extra-floral  nectaries,”  which  are  glands 
containing  sugary  exudates.  To  quote  further : 

This  effect  of  cold  upon  the  growth  of  trees  and  shrubs  in  northern 
climates  is  a  means  of  protection  for  these  plants  which  is  of  the 
highest  importance  to  them;  since  if  warmth  alone  were  capable  of 
inducing  growth,  they  would  start  growing  in  the  fall  whenever 
a  heat  wave  happened  to  follow  the  first  cold  days,  in  which  case  the 
reserve  supplies  accumulated  during  the  summer  and  necessary  to 
assure  a  vigorous  growth  in  the  following  spring  would  be  ex¬ 
pended  prematurely  so  that  the  plant  would  risk  the  danger  of 
etiolation  and  even  of  death  during  the  winter  months. 

This  discovery  will  be  of  wide  interest  in  agriculture  and  horti¬ 
culture.  Further  experiments  are  desirable  to  determine  the  best 
temperatures  for  preserving  various  sorts  of  seed-corn,  bulbs, 
slips,  and  grafts,  as  well  as  the  temperatures  best  fitted  for  forc¬ 
ing  plants  to  develop  out  of  season.  ( Literary  Digest,  Apiil  16, 
1921.) 

2.  The  Evolution  of  Man 

A  number  of  skulls  and  other  bones  of  human  beings  of  a  very 
primitive  type  have  been  discovered.  Among  these  are  the  Java 


318 


THE  PRINCIPLES  OF  REASONING 


bones,  the  Neanderthal  skull  and  the  Heidelberg  bones.  Last 
year  a  very  important  discovery  of  what  has  been  called  the 
Rhodesian  skull  was  made.  The  chief  interest  of  this  new  dis¬ 
covery  lies  in  the  light  it  throws  upon  the  antiquity  and  evolution 
of  man.  Yet  at  the  moment  any  suggestion  must  be  taken  as 
tentative  and  as  indicative  of  the  points  to  which  investigation 
should  be  directed.  The  hypothesis  has  been  suggested  that  the 
Rhodesian  skull  may  date  back  a  hundred  thousand  years.  The 
gorilla-like  face,  the  prominent  eyebrow  ridges,  and  his  general 
ape-like  character  indicate  that  he  stands  between  the  Neander¬ 
thal  man  and  the  gorilla.  On  this  ground,  then,  it  might  be 
thought  justifiable  to  place  Rhodesian  man  in  some  epoch  prece¬ 
dent  to  that  of  Neanderthal  man,  for  whom  a  date  of  something 
like  fifty  thousand  years  ago  is  generally  accepted.  On  the  other 
hand,  the  modern  characteristics  of  the  Rhodesian  skull  appear 
to  preclude  the  attribution  of  such  a  high  antiquity.  Further,  if 
the  remains  of  the  long  bones  belong  to  the  skull,  an  assumption 
also  made  in  the  case  of  a  fragment  of  sacrum  found  with  the 
skull,  Rhodesian  man  walked  upright  in  the  posture  of  modern 
man,  rvhile  Neanderthal  man,  on  the  evidence  of  his  long  bones, 
walked  with  a  crouch.  The  probability  would,  therefore,  lie  on 
the  side  of  the  hypothesis  that  Rhodesian  man  represents  a  later 
development  of  the  Neanderthal  type.  It  would,  therefore,  ap¬ 
pear,  so  far  as  the  investigation  has  gone,  that  there  is  little 
evidence  which  would  assist  in  giving  a  date  to  these  remains. 
(Adapted  from  Discovery,  Yol.  Ill,  p.  2.) 

3.  The  Origin  of  Coal  Seams 

Coal  seams  are  the  result  of  growth  and  accumulation  of  peat, 
on  the  spot,  and  all  the  phenomena  of  the  British  coal  measures 
can  be  explained  on  this  hypothesis.  Coal  seams  are  characterized 
by  certain  definite  facts.  They  are  of  wide  extent,  show  uni¬ 
formity  of  thickness,  are  free  from  admixture  with  disintegrated 
rocks,  and  show  no  signs  of  aquatic  animals  within  the  seam. 
The  inference  is  that  in  the  main  they  are  formed  from  old  beds 
of  peat  in  a  lowland  area  which  has  undergone,  in  the  course  of 
geological  time,  intermittent  depression  such  as  would  bring  in 
at  one  time  the  muds  and  sands  from  flowing  water  and  at 
another  time  even  the  sea.  It  is  of  interest  to  note  that  near 
at  hand  there  is  at  the  present  day  an  area  which  corresponds 
closely  to  areas  in  past  ages  from  which  the  coal  measures  have 
been  formed.  This  is  the  North  Sea.  At  some  period  subsequent 
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to  the  last  ice  age,  the  North  Sea  was  a  vast  plain  so  nearly  at 
the  sea  level  that  it  became  a  morass.  Around  its  margins  were 
forests  of  oak,  pine  and  birch,  and  the  greater  part  of  the  area 
furnished  the  conditions  for  a  great  peat  swamp.  At  the  present 
day  it  is  a  huge  bed  of  peat,  throughout  its  length  and  breadth, 
as  trawlers  testify,  and  at  its  edges  on  the  coasts  of  Holland  and 
of  England,  as  observations  at  favorable  conditions  of  the  tide 
show.  ( Discovery ,  Yol.  Ill,  p.  303.) 

4.  Animal  Luminescence 

The  production  of  light  by  animals  is  a  phenomenon  which 
occurs  more  widely  than  is  generally  realized.  It  is  known  in  no 
fewer  than  thirty-six  orders  of  animals.  It  is  seen  in  various 
Infusorians  like  Noctiluca,  the  Night-light,  which  makes  the  sea 
sparkle  in  the  short  summer  darkness;  in  numerous  Stinging 
Animals,  like  the  fixed  Sea-Pens  and  the  Portuguese  Men-of-War 
of  the  open  sea;  in  sundry  marine  worms;  in  starfishes  and 
brittle-stars;  in  many  crustaceans  and  insects,  in  some  squids 
and  in  two  or  three  molluscs ;  in  compound  Ascidians,  like  the  Fire- 
Flame  (Pyrosoma),  by  whose  light  one  can  see  to  read;  and  in 
many  fishes,  especially  from  the  deep  sea. 

What  is  the  nature  of  this  animal  light?  It  has  been  sug¬ 
gested  that  it  is  due  to  the  presence  of  vitality  in  the  animal.  But 
this  was  disproved  by  Spallanzani.  He  showed  that  when  dried 
parts  of  luminous  jelly-fish  are  remoistened  they  will  emit  light 
as  before.  This  proves  that  what  occurs  is  not  in  the  strict  sense 
vital.  It  is  a  chemical  process. 

It  has  been  suggested  that  luminescence,  since  it  only  occurs  in 
the  presence  of  oxygen  and  water,  is  due  to  the  interaction  of 
two  different  substances.  The  French  zoologist,  Raphael  Dubois, 
set  to  work  to  isolate  these  substances.  He  made  a  hot-water 
and  a  cold-water  extract  of  the  luminous  tissue  of  the  mollusc, 
called  Pholas,  and  let  them  stand  till  the  light  disappeared  in 
both.  He  then  mixed  the  two  together  and  there  was  lumines¬ 
cence  again!  He  concluded  that  a  ferment-like  substance,  de¬ 
stroyed  by  heating,  and  absent  therefore  in  the  hot-water  extract, 
produces  light  when  it  operates  on  another  substance  which  is 
oxidized.  In  the  cold-water  extract  the  light-producing  sub¬ 
stance  had  been  used  up  by  the  ferment;  in  the  hot-water  ex¬ 
tract  the  ferment  had  been  destroyed,  but  the  oxidizable  material 
was  still  present.  Therefore  the  explanation  of  the  light  is  to 
be  found  in  the  mixture  of  the  two  extracts,  one  of  which  con- 
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tains  the  ferment  and  the  other  the  oxidizable  material.  The 
experiments  of  Dubois  have  been  confirmed  and  extended  by 
Professor  Newton  Harvey,  and  the  theory  may  be  regarded  as 
established.  (J.  A.  Thomson,  Outline  of  Science,  pp.  993/.) 

5.  The  Sun’s  Energy 

To  us  on  the  earth  the  most  patent  and  most  astonishing  fact 
about  the  sun  is  its  tremendous  energy.  Heat  and  light  in  amaz¬ 
ing  quantities  pour  from  it  wuthout  ceasing.  Where  does  this 
energy  come  from?  Enormous  jets  of  red  glowing  gases  can 
be  seen  shooting  outward  from  the  sun,  like  flames  from  a  fire, 
for  thousands  of  miles.  Does  this  argue  fire,  as  we  know  fire 
on  the  earth?  On  this  point  the  scientist  is  sure.  The  sun  is  not 
burning  and  combustion  is  not  the  source  of  its  heat.  Combus¬ 
tion  is  a  chemical  reaction  between  atoms.  The  conditions  that 
make  it  possible  are  known  and  the  results  are  predictable  and 
measurable.  But  no  chemical  reaction  of  the  nature  of  com¬ 
bustion  as  wTe  know  it  will  explain  the  sun’s  energy,  nor  indeed 
will  any  ordinary  chemical  reaction  of  any  kind.  If  the  condi¬ 
tions  of  combustion  as  we  understand  them  were  always  present, 
the  sun  would  burn  itself  out  in  some  thousands  of  years,  with 
marked  changes  in  its  heat  and  light  production  as  the  process 
advanced.  There  is  no  evidence  of  such  changes.  There  is, 
instead,  strong  evidence  that  the  sun  has  been  emitting  light 
and  heat,  not  for  thousands,  but  for  millions  of  years.  Every 
addition  to  our  knowledge  that  throws  light  on  the  sun’s  age 
seems  to  make  for  increase  rather  than  decrease  of  its  years.  So 
the  combustion  hypothesis  leaves  the  wonder  of  its  energy  un¬ 
explained. 

Another  hypothesis  is  that  the  sun  is  gradually  radiating  away 
an  energy  that  originated  in  some  unknown  manner,  away  back 
at  the  beginning  of  things.  Reliable  calculations  show  that  the 
years  required  for  the  mere  cooling  of  a  globe  like  the  sun  could 
not  possibly  run  to  millions.  In  other  words,  the  sun’s  energy 
must  be  subject  to  continuous  and  more  or  less  steady  renewal. 

The  best  explanation  that  we  have  to-day  of  this  continuous 
accretion  of  energy  is  that  it  is  due  to  shrinkage  of  the  sun’s 
bulk  under  the  force  of  gravity.  Gravity  is  one  of  the  most 
mysterious  forces  of  nature,  but  it  is  an  obvious  fact  that  bodies 
behave  as  if  they  attracted  one  another,  and  Newton  worked 
out  the  law  of  this  attraction.  We  may  say  that  every  particle 
of  matter  attracts  every  other  throughout  the  universe.  If  the 
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diameter  of  the  sun  were  to  shrink  by  one  mile  all  around,  this 
would  mean  that  all  the  millions  of  tons  in  the  outer  one  mile 
thickness  would  have  a  straight  drop  of  one  mile  toward  the  cen¬ 
ter.  And  that  is  not  all,  because  obviously  the  layers  below  this 
outer  mile  would  also  drop  inwards,  each  to  a  less  degree  than 
the  one  above  it.  What  a  tremendous  movement  of  matter, 
however  slowly  it  might  take  place !  And  what  a  tremendous 
energy  would  be  involved. 

It  was  suggested  at  one  time  that  the  fall  of  meteoric  matter 
into  the  sun  would  account  for  the  sun’s  heat.  This  position  is 
hardly  tenable  now.  The  mere  bulk  of  the  meteoric  matter  re¬ 
quired  by  the  hypothesis  is  against  it.  The  stray  quantities 
destined  to  meet  their  doom  by  collision  with  the  sun  can  hardly 
be  sufficient  to  account  for  the  sun’s  heat. 

Recent  study  of  radio-active  bodies  has  suggested  another 
factor  that  may  be  working  powerfully  along  with  the  force  of 
gravitation  to  maintain  the  sun’s  store  of  heat.  In  radio-active 
bodies  certain  atoms  seem  to  be  undergoing  disintegration.  These 
atoms  appear  to  be  splitting  up  into  very  minute  and  primitive 
constituents.  But  since  matter  may  be  split  up  into  such  con¬ 
stituents  mav  it  not  be  built  up  from  them?  If  these  radio¬ 
active  elements  are  undergoing  disintegration  or  formation  m 
the  sun,  we  have  another  source  of  heat  for  the  sun  that  will 
last  indefinitely.  (J.  A.  Thomson,  The  Outline  of  Science,  pp. 
26/.) 

6.  The  Sick  World 

John  compared  the  present  condition  of  the  world  to  that  or 
a  man  ill  with  fever.  He  said  that  just  as  people  take  every  pre¬ 
caution  to  bring  a  patient  through  a  critical  illness  while  the 
fever  is  high,  so  Americans  made  sacrifices  to  bring  the  war 
fever  to  a  close.  He  said  that  now  is  the  time,  of  convalescence, 
possibly  more  critical  than  that  of  the  illness  itself. 

7.  The  Cottony  Scale  on  Citrus  Trees 

Trees  imported  from  Australia  brought  with  them  the  deadly 
pest  of  the  cottony  scale,  which  not  only  drew  out  the  very 
life-blood  of  the  citrus  groves,  but  attacked  deciduous  trees 
vineyards,  shrubbery,  and  all  sorts  of  flowers  as  well,  leaving 
ruin  and  desolation  in  its  path.  Multitudes  of  experiments  were 
tried  through  two  dark  years,  in  desperate  efforts  to  check  the 
ravages  of  this  parasitic  scourge,  until  at  length  Australian  lady- 
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bugs  were  brought  in  with  such  ravenous  appetites  that  in  less 
than  a  year  the  white  scale  was  completely  extinguished,  and  the 
suffering  trees  regained  their  strength  and  fruitfulness.  From 
that  day  to  this  the  citrus  industry  has  escaped  serious  injury 
from  pests.  ( World’s  Work.) 

8.  An  Experiment  of  Galileo 

Whetham  writes:  “To  study  Galileo’s  researches  after  those 
of  his  predecessors  is  like  coming  out  into  the  light  after  groping 
about  in  a  dark  room.  His  methods  are  a  model  of  physical 
investigation  for  all  time.  He  uses  experiment  in  the  right  place, 
and  scientific  imagination  also,  to  frame  hypotheses  to  guide 
his  experiments,  and  to  be  checked,  verified  or  disproved  by  his 
experiments.  .  .  .  Galileo  showed  his  at  first  incredulous  con¬ 
temporaries  that  heavy  and  light  bodies,  let  fall  simultaneously 
from  the  top  of  the  Leaning  Tower  of  Pisa,  reached  the  ground  to¬ 
gether,  so  long  as  the  lighter  body  was  not  sufficiently  light  to 
be  retarded  seriously  by  the  resistance  of  the  air,  thus  proving 
Aristotle’s  teaching,  that  heavy  bodies  fall  faster  than  light  ones, 
to  be  wrong.”  ( Foundations  of  Science,  p.  22  and  p.  19.) 

9.  ELow  the  Indians  Made  Arrow-heads 

The  pre-Columbian  American  Indians  made  their  arrow-heads, 
spear-heads  and  other  cutting  missiles  and  implements  out  of 
flint,  obsidian,  quartzite,  jasper  and  other  hard  substances.  Their 
method  of  work  was  long  a  mystery.  The  Indians,  at  the  dis¬ 
covery,  were  still  living  in  the  Stone  Age.  They  had  no  tools 
of  iron  or  steel — nothing  so  hard  as  the  flint  which  they  worked 
into  all  sorts  of  shapes,  with  fine  saw-edges,  smooth  grooves,  deli¬ 
cate  points,  and  so  on.  How  did  they  work  this  flint?  When 
the  Indians  were  dependent  on  flint  or  other  arrow-heads  of 
stone,  they  had  them  in  great  supply,  and  used  them  lavishly. 
The  profusion  of  these  heads  to  be  found  all  over  the  country 
proves  that  they  were  possessed  in  great  abundance.  They  can 
be  found,  to  this  day,  almost  anywhere. 

No  Indians  in  this  country  now  possess  the  art  of  making  flint 
or  other  stone  arrow-heads,  and  none  of  them  knew  how  their 
forefathers  made  them  until  a  white  man  came  along  and  showed 
them,  by  actual  demonstration.  It  is  a  mystery  no  longer,  for 
the  “John  Burroughs  of  Wisconsin,”  an  aged  naturalist  of  Scandi¬ 
navian  extraction  named  H.  L.  Skavlem,  who  lives  on  the  shores 
of  Lake  Koshkonong,  has  made  the  discovery.  He  makes  arrow¬ 
heads  with  the  bone  handle  of  a  toothbrush;  and  makes  one, 
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complete,  perfect,  as  good  as  any  Indian  artisanship,  in  eleven 
minutes!  It  is  so  simple  as  to  be  almost  unbelievable,  but  it 
lias  been  demonstrated  to  the  satisfaction  of  all  the  archasologists. 
Skavlem  seems  to  have  started  from  a  story  in  one  of  the  early 
narrations  about  an  old  arrow-maker  who  worked  with  a  piece 
of  bone,  which  he  wTould  by  no  means  give  up  to  the  white  man. 
Skavlem,  on  this  hint,  worked  from  the  ground  up,  and  discovered 
the  principle,  which  is  the  principle  of  the  “conchoidal  fracture,” 
or  splitting  pieces  of  flakes  out  of  the  flint  by  means  of  steady 
pressure  at  the  proper  angle,  working  inward  from  the  edge.  It 
is  never  done  by  hammering,  but  wholly  by  placing  the  bone 
against  the  edge  and  using  pressure.  “You  must  have,”  says 
Mr.  Stewart,  writing  on  data  furnished  by  Mr.  Skavlem,  “control 
over  the  size  of  the  chips;  and  this  is  determined  by  the  amount 
of  pressure  you  bring  against  the  edge  while,  at  the  same  time, 
you  push  downward  to  separate  it  from  the  surface.”  The  flint 
is  held  firmly  in  a  block  of  oak,  but  can  be  manipulated.  It  has 
to  stand  at  precisely  the  proper  angle,  and  the  pressure  and  the 
angle  require  skill.  The  bone  is  flattened  down  to  an  edge  like 
that  of  a  dull  chisel;  the  edge  of  it  stands  at  right  angles  to  the 
flint,  and  is  pressed  against  it  in  that  position;  and  it  is  sharpened 
to  a  point  to  make  it  take  a  firm  hold  of  the  edge  of  the  flint, 
and  to  bring  all  the  pressure  to  bear  on  one  small  point  so  as 
to  start  the  fracture.  Glass  can  be  treated  in  the  same  way; 
Mr.  Skavlem  makes  beautiful  arrow-heads  out  of  the  bottom 
of  an  old  bottle.  (Boston  Transcript,  condensed  from  Atlantic 
Monthly,  Yol.  131,  pp.  799/.) 

10.  The  Origin  of  Antarctic  Flora 

The  origin  of  Antarctic  Flora  presents  a  fascinating  problem. 
How  did  these  species  of  plants  reach  Antarctica?  It  would 
occupy  too  much  space  to  analyze  in  detail  the  distribution  of 
every  Antarctic  species,  but  it  may  be  noted  that  certain  elements 
are  conspicuous.  There  are  the  endemic  element,  which  is  high 
in  the  case  of  mosses  and  lichens ;  the  Arctic  element ;  and  the 
Fuegian  element.  The  high  proportion  of  endemic  species  can 
well  be  explained  by  long  isolation  and  peculiar  conditions  of 
environment.  The  Arctic  element  is  not  easy  to  explain.  Two 
suggestions  have  been  made.  Carriage  of  spores  and  sporedia 
in°the  feet  and  plumage  of  birds  which  wander  through  one 
hundred  and  fifty  degrees  of  latitude  may  account  for  some 
species.  Wilson’s  petrel  and  Arctic  tern  are  birds  with  this 
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wide  range.  At  the  same  time,  it  is  difficult  to  find  in  this  means 
an  adequate  explanation  of  the  fact  that  practically  half  the 
Antarctic  lichens  and  thirty  per  cent  of  the  mosses  are  also  found 
in  the  Arctic.  A  simpler  and  more  credible  hypothesis  may  be 
found  in  the  idea  that  the  species  in  question  are  either  cos¬ 
mopolitan  and  have  not  been  discovered  in  low  latitudes,  or  that 
they  are  species  which  have  been  crowded  out  by  stress  of  compe¬ 
tition  in  low  latitudes  where  conditions  more  favorable  to  plant 
growth  mean  more  contest  for  location.  There  seems  to  be  much 
evidence,  however,  that  the  present  Antarctic  flora,  like  the  sub- 
Antartic  flora,  is  mainly  of  Fuegian  origin,  and  has  migrated 
eastward  before  the  prevailing  westerly  winds,  both  bird  and 
wind  transport  having  played  their  parts.  In  spite  of  the  fact 
that  it  is  advocated  by  a  few  textbooks,  ice  transport  is  really 
inconceivable.  Nor  can  former  land  connections  between  Ant¬ 
arctica  and  South  America  or  New  Zealand  or  Australia  be  held 
responsible,  since  a  great  extension  of  glaciation  occurred  since 
such  a  connection  could  possibly  have  existed,  and  this  must 
have  wiped  out  every  vestige  of  vegetation  in  Antarctic  regions. 
The  present  flora  must  have  migrated  to  the  Antarctic  in  recent 
geological  times,  since  the  period  of  maximum  glaciation. 
(Adapted  from  Discovery,  Yol.  IV,  pp.  152/.) 

11.  The  Ways  of  Ants 

“Go  to  the  ant,  thou  sluggard,  consider  her  ways,  and  be  wise.” 
This  famous  proverb  seems  to  be  right  in  implying  that  ants 
possess  a  wisdom  worthy  of  imitation  by  man.  For  on  the  basis 
of  such  resemblances  between  human  beings  and  ants  as  the  fol¬ 
lowing:  both  live  in  groups,  store  up  food  for  the  winter,  have 
armies  and  wage  wars,  build  houses,  we  may  reasonably  suppose 
that  ants  communicate  by  means  of  a  language  and  are  able 
to  think. 

12.  The  Transmission  of  Fat  to  the  Cells  of  the  Body 

Fat  has  been  detected  just  leaving  the  digestive  tract,  and  it 
has  been  observed  again  at  the  cells  before  absorption.  From 
this  it  was  inferred  that  it  was  carried  by  the  blood.  But  since  it 
could  not  be  seen  in  the  blood  it  was  supposed  that  it  was  carried 
almost  instantaneously  and  in  a  changed  form.  But  closer  ob¬ 
servation,  with  higher  powered  microscopes,  revealed  finely  di¬ 
vided  particles  of  some  foreign  substance  in  the  blood.  It  was 
then  supposed  that  the  fat  breaks  up  into  very  minute  particles 
after  it  leaves  the  digestive  tract  and  is  carried  very  slowly  in 
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this  form  to  the  cells,  where  the  particles  aggregate  before  ab¬ 
sorption  by  the  cell. 

13.  Hunger  and  the  Contraction  of  the  Stomach 

Are  hunger-pains  caused  by  the  contracting  of  the  walls  of  the 
stomach,  or  does  this  contracting  result  from  the  hunger-pains'? 
Both  appear  to  take  place  simultaneously.  If  the  hunger-pains 
precede  the  contracting  of  the  walls  of  the  stomach,  we  may  in¬ 
fer  that  these  pains  are  caused  by  something  else.  On  the  other 
hand,  if  the  contracting  precedes,  then  hunger  is  really  nothing 
but  a  reflex-action  and  not  a  real  sensation. 

In  order  to  determine  which  of  these  hypotheses  is  true,  Pro¬ 
fessor  Carlton,  of  Chicago,  performed  a  very  novel  experiment. 
He  fed  a  man  through  a  tube-like  construction.  Through  this 
tube  a  small  rubber  balloon  was  put  into  the  man’s  stomach  and 
then  inflated.  The  exterior  end  of  the  tube  was  then  placed 
against  a  drum  on  which  was  a  pressure  gauge.  Professor  Carl¬ 
ton  instructed  the  man  to  press  a  telegraph  key  the  moment  that 
he  felt  the  hunger-pains.  The  results  of  this  ingenious  experi¬ 
ment  showed  that  the  contracting  of  the  walls  of  the  stomach 
started  a  moment  or  so  after  the  telegraph  instrument  clicked. 
Thus  it  was  determined  that  the  hunger-pains  precede  the  con¬ 
tracting.  Hunger,  therefore,  must  be  a  sensation,  and  the 
hunger-pains  must  be  caused  by  a  stimulation  of  the  receptors 
for  "the  sense  of  hunger.  Hunger  seems  to  be  due  to  some 
chemical  reaction  within  the  stomach  which  stimulates  these 
hunger  receptors.  It  is  not  simply  a  reflex  action  caused  by 
or  resulting  from  contracting  of  muscles  in  the  walls  of  the 
stomach.  In  fact,  the  hunger-pains  are,  in  all  probability,  the 
cause  of  the  contracting  of  the  muscles. 

14.  Liqht  and  Sound  .  ., 

Before  it  was  known  that  light  travelled  in  waves,  it  was 

known  that  sound  did  so.  Light  and  sound  were  both  capable  of 
being  reflected,  and  the  direction  of  their  reflection  obeyed  the 
same  law,  that  the  angle  of  reflection  is  equal  to  the  angle  of 
incidence.  Prom  these  facts  it  was  inferred  that  light,  lAesoun 
travelled  in  waves.  Later  experiments  showed  it  to  do  so. 
(Joseph,  p.  537.) 

15  Virtue  and  Vice  as  Feelings  of  the  Impartial  Spectator 
David  Hume  held  that  virtue  and  vice  are  not  attributes  of 
any  act  or  agent,  but  only  feelings  which  an  act  may  arouse  in 
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a  spectator;  so  that  if  nobody  approved  or  disapproved  my 
actions,  they  could  not  be  called  either  virtuous  or  vicious.  And 
one  of  the  arguments  by  which  he  endeavored  to  sustain  this 
opinion  was  as  follows.  A  parricide,  he  said,  is  in  the  same 
relation  to  his  father  as  is  to  the  parent  tree  a  young  oak, 
which,  springing  up  from  an  acorn  dropped  by  the  parent,  grows 
up  and  overturns  it;  we  may  search  as  we  like,  but  we  shall  find 
no  vice  in  this  event;  therefore  there  can  be  none  in  the  other, 
where  the  relations  involved  are  just  the  same;  so  that  it  is  not 
until  we  look  beyond  the  event  to  the  feelings  with  wliich  other 
persons  regard  it,  that  we  can  find  the  ground  for  calling  it 
vicious.  (Joseph,  p.  534.) 

16.  The  Life  History  of  the  Eel 
For  thousands  of  years  the  question,  “Where  do  eels  come 
from?”  has  excited  the  curiosity  of  mankind,  but  only  recently 
the  true  principle  of  explanation  has  been  discovered  by  a  Danish 
zoologist,  J.  Schmidt.  When  he  began  the  solution  of  the 
mystery  he  had  certain  data  at  hand  from  previous  observations. 
He  knew  that  there  was  the  common  fresh-water  eel,  known 
as  the  frog-mouthed  or  yellow  eel  whose  habitat  is  the  rivers 
of  western  Europe.  He  knew,  too,  that  there  is  an  American 
fresh-water  eel.  He  also  knew  that  after  from  five  to  twenty 
years  a  fresh-water  eel  changes  its  shape  and  turns  into  what 
fishermen  call  the  silver  eel,  and  migrates  to  the  sea.  On  its  ar¬ 
rival  at  the  open  sea  the  migrating  eel  is  lost  sight  of  and  never 
returns  to  fresh  water.  Detailed  knowledge  of  how  they  travel, 
whether  in  mid-water  or  along  the  bottom,  and  what  they  feed 
on,  if  they  feed  at  all,  is  still  lacking.  It  is  only  known  that  after 
they  get  out  into  the  ocean  they  show  a  further  change.  The 
sexual  organs  gradually  mature  and  the  eyes  increase  to  an 
immense  size.  But  the  observer  on  shore  also  knows  that  the 
young  transparent  glassy  elvers,  or  young  eels,  of  about  two 
and  three-fourths  inches  in  length,  go  up  the  rivers  of  Ireland, 
Spain,  France  and  the  Baltic  regions  in  continuous  streams.  And 
as  early  as  1893,  these  elvers  were  found  in  the  Straits  of  Mes¬ 
sina,  and  were  thought  to  be  a  separate  species,  to  which  the 
name  Leptocephali  brevirostris  was  given.  Its  identity  with  the 
fresh-water  elvers  was  demonstrated  by  two  Italian  zoologists 
Grassi  and  Calanduecio,  who  reared  a  specimen  through  its  later 
stages.  All  this  was  known  when  Schmidt  began  his  in¬ 
vestigation. 
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It  was  his  belief  that  the  silver  eels  had  a  breeding  place  some¬ 
where  in  the  Atlantic,  and  that  it  should  be  possible  to  trace 
the  young  elvers  to  this  region,  if  there  is  such  a  region. 

In  1904  he  captured  the  first  Leptocephalid  larva?  ever  known 
to  be  found  in  the  Atlantic  Ocean.  A  little  later  he  found  quanti¬ 
ties  of  them,  about  three  inches  in  length,  off  the  southwest 
coast  of  Ireland,  at  a  depth  of  500  fathoms.  They  were  slightly 
larger  than  those  which  had  been  found  m  the  Mediterranean, 
and  were  thin,  transparent  lanceolate  creatures,  with  small  heads 
and  mouths,  well  furnished  with  fine  teeth.  He  then  traced  them 
westwards  and  southwards  back  across  the  Atlantic,  finding-  them 
ever  smaller  in  size.  In  June  he  found  a  group  m  mid-Atlantic 
two  inches  in  length,  and  in  the  same  month,  farther  to  the  south¬ 
west,  a  third  group  was  encountered  which  had  an  average  length 
of  one  inch.  Finally,  in  a  small  area  from  22  degrees  N.  to  30 
degrees  N.  and  from  48  degrees  W.  to  65  degrees  W., 
Schmidt  found  tiny  larva?,  two-fifths  of  an  inch  and  even  less  in 
leno-th.  This  region,  2,500  miles  from  the  mouth  of  the  English 
Channel,  and  500  miles  north-east  of  the  Leeward  Islands  is  the 
breeding  place  of  the  eel.  Here  (quoting  from  Schmidt) 
“spawning  takes  place  in  early  spring,  lasting  well  on  to  sum¬ 
mer.  The  tiny  larva?,  7  to  15  mm.,  float  m  water  layers  about 
110  to  160  fathoms  from  the  surface  in  a  temperature  of  about 
20  degrees  centigrade.  The  larva?  grow  rapidly,  and  m  the  first 
summer  average  about  25  mm.  They  now  move  up  into  the 
upper  layers,  the  great  majority  being  found  between  14  to  28 
fathoms,  or  at  times  even  at  the  surface.  Luring  the  fiist  su  - 
mer  they  are  to  be  found  west  of  50  degrees  W.  By  the  second 
summer," they  have  attained  an  average  length  of  50  to  55  mm., 
and  the  bulk  are  now  in  the  central  Atlantic.  By  the  third  sum¬ 
mer  they  have  arrived  oft  the  coastal  banks  of  Europe,  avei  g 
ino-  75  mm.,  but  retaining  the  compressed  leaf-like  foim.  _ 
autumn  and  winter  they  undergo  a  retrograde  change  which 
brings  them  to  the  shape  of  young  eels.”  From  the  time  they 
reach  the  fully  developed  larval  form  m  June  till  the  pigmented 
elver  stage  is  reached  nearly  a  year  later,  the  young  eels  ap¬ 
parently  take  no  food;  at  any  rate  none  has  been  found An  the 
stomach  or  gut,  and  the  energy  for  the  journey  from  the  Atlantic 
to  fresh  waters  is  derived  from  its  reduction  m  size. 

But  the  mystery  of  the  eel  was  not  yet  fully  cleared  up.  There 
is  an  American  eel,  which  differs  from  the  European  m  the  num¬ 
ber  of  its  vertebras.  In  the  western  part  of  the  breeding  area 
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of  the  European  eel  the  earliest  larval  stages  of  the  American  eel 
are  found  in  considerable  numbers,  both  species  being  some¬ 
times  taken  in  the  same  net.  Why,  then,  do  not  the  American 
larvae  make  their  way  to  Europe  and  the  European  to  America? 
Schmidt  also  explains  this  mystery.  Tracing  the  larvae  of 
the  American  eel  westwards  and  northwards,  he  found  that  the 
larval  stage  which  lasts  for  three  years  in  the  European  species, 
is  passed  through  in  one  year,  the  elver  being  then  ready  to 
enter  fresh  water.  Consequently,  if  an  American  larva  should 
join  the  current  setting  for  the  coasts  of  Europe,  he  would 
find  himself  in  mid-Atlantic  at  the  time  when  the  period  for 
river  life  had  arrived,  and  thus  would  come  to  an  untimely  end. 
On  the  other  hand,  should  a  European  larva  be  carried  to  the 
northwest,  he  would  arrive  at  the  coast  with  two  years  of  pelagic 
life  still  before  him,  and  he  too  would  perish. 

Schmidt  is  now  trying  to  find  and  hatch  out  the  eel’s  egg. 
If  he  succeeds  he  will  complete  what  is  probably  one  of  the  most 
remarkable  investigations  in  marine  zoology  ever  undertaken. 
(Adapted  from  Discovery,  Vol.  Ill,  pp.  255  /.) 

17.  The  Atomicity  of  Electricity 

The  fourth  discovery  that  I  wish  to  mention  is  the  discovery 
of  the  atomicity  of  electricity— the  proof  that  the  thing  we  call 
electricity  is  built  up  out  of  a  definite  number  of  specks  of 
electricity  all  exactly  alike ;  and  that  what  we  call  an  electrical 
current  consists  simply  in  the  journey  along  the  conductor  of 
these  electrical  specks,  which  we  may  call  with  perfect  justice 
definite  material  bodies. 

Now,  I  can  give  you  in  just  a  word  the  proof  of  that  state¬ 
ment.  There  are  a  half  dozen  ways  in  which  it  could  be  ap¬ 
proached.  I  will  mention  the  one  with  which  I  am  most  familiar, 
because  it  is  this  particular  proof  which  we  worked  out  in 
our  laboratory. 

We  took  plates  with  a  field  of  ten  thousand  volts  between 
them,  with  a  little  hole  in  the  top  plate,  and  blew  the  oil  spray 
above  the  top  plate,  so  as  to  get  an  electrically  charged  body  just 
as  small  as  we  could.  We  expected  that  the  frictional  process 
involved  in  blowing  the  spray  would  charge  the  drops,  and  this, 
indeed,  it  was  found  to  do. 

We  let  one  of  those  drops  come  into  the  place  between  the 
plates,  and  then  moved  it  up  and  down  by  an  electrical  field 
throwing  it  on  the  field  as  it  came  close  to  the  bottom  of  the 
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plate  and  throwing  it  off  as  it  approached  the  upper  one.  And 
so  we  kept  that  oil  drop  going  up  and  down  between  the  plates 
in  the  hope  that  it  would  capture  some  of  the  ions  (charged 
particles)  which  we  knew  existed  in  the  air,  put  there  by  radium 
or  other  agencies. 

The  drop  met  our  fullest  expectations.  It  captured  ions 
frequently  and  signaled  the  fact  of  each  capture  for  the  observer 
by  the  change  of  speed  in  the  field.  For  the  oil  drop  is  an  elec¬ 
trically  charged  body,  and  in  a  given  field  it  moves  with  a  definite 
speed.  If,  however,  it  captures  an  ion,  its  charge  increases  or 
decreases,  and  hence  its  speed  increases  or  decreases. 

If  the  charges  on  ions  are  all  alike  then  we  can  get  only  one 
particular  change  of  speed.  If  the  charge  that  is  already  upon 
it,  put  there  by  the  frictional  process,  is  built  up  out  of  these 
same  units  then  the  total  speed  which  the  field  will  impart  must 
be  an  exact  multiple  of  the  change  in  speed  which  the  capture  of 
an  ion  produces.  In  other  words,  if  electricity  is  atomic  in 
structure,  you  cannot  get  in  a  given  field  anything  except  a 
definite  number  of  speeds,  which  will  make  an  arithmetical  series; 
that  is,  will  come  up  by  steps,  one,  two,  three,  etc.  That  is 
exactly  what  we  found. 

We  have  experimented  with  thousands  of  drops  and  scores  of 
different  substances  and  they  always  work  exactly  that  way. 
Both  positively  and  negatively  charged  drops  are  found  to  act  in 
quite  the  same  way,  showing  that  both  positive  and  negative 
electrical  charges  are  built  up  of  specks  of  electricity. 

Further,  we  can  count  the  number  of  these  specks,  which  we  call 
electrons,  in  a  given  drop  with  the  same  certainty  with  which 
you  can  count  the  fingers  on  your  hand.  And  again,  since  Row¬ 
land  showed  that  an  electrical  current  is  nothing  but  a  charge  in 
motion,  you  have  here  the  proof  that  the  electrical  current  that 
goes  through  an  ordinary  electrical  lamp  is  nothing  except  the 
motion  of  a  certain  number  of  electrical  specks  through  or 
over  the  filament  of  the  lamp. 

Add  to  that  J.  J.  Thomson’s  discovery,  made  in  1881,  that  an 
electrical  charge  possesses  inertia,  the  only  distinguishing  prop¬ 
erty  of  matter,  and  you  have  made  it  perfectly  legitimate  to  say 
that  an  electrical  current  in  a  wire  is  a  definite  granular  some¬ 
thing  which  is  moving  along  that  wire.  (From  Robert  Millikan, 
as  quoted  in  the  Boston  Transcript.) 
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SECTION  IX 

RECENT  TENDENCIES  IN  LOGICAL  THEORY 


CHAPTER  XXY 


A  SKETCH  OF  THE  DEVELOPMENT  OF  LOGIC  WITH  SPECIAL 
REFERENCE  TO  CONTEMPORARY  SCHOOLS 

The  opening  sentence  of  John  Stuart  Mill’s  great  System 
of  Logic  is  especially  applicable  to  contemporary  logicians : 
“There  is  as  great  diversity  among  authors  in  the  modes 
which  they  have  adopted  of  defining  logic  as  in  their  treat¬ 
ment  of  the  details  of  it.  ’  ’  For  present-day  logic  is  actually 
almost  an  inextricable  maze  of  more  or  less  antagonistic 
doctrines,  and  the  phrase,  helium  omnium  contra  omnes 
can,  as  Edmund  Husserl  aptly  says,  be  applied  to  mod¬ 
ern  logicians.  Consequently,  any  method  of  ordering  this 
chaos  of  conflicting  interpretations  is  bound  to  be  inade¬ 
quate  in  some  respects.  But  since  it  is  desirable  that  the 
student,  before  quitting  an  elementary  course,  form  some 
idea  of  contemporary  tendencies  and  schools,  it  seems  best 
to  approach  a  classification  through  a  sketch  of  the  his¬ 
torical  development  of  the  science. 

Traditional  Aristotelian  Logic 

Logic  really  began  when  Zeno,  the  Eleatic  philosopher 
(lived  about  450  B.  C.),  formulated  his  celebrated  para¬ 
doxes  to  prove  the  inconceivability  of  motion.  The  “flying 
arrow”  cannot  move  because  either  it  must  move  in  the 
place  where  it  is  or  in  the  place  where  it  is  not,  and  neither 
is  conceivable.  In  a  similar  manner  he  argued  that  Achilles 
or  the  hare  could  not  overtake  a  tortoise.  Here  is  involved 
the  use  of  the  logical  principle  of  contradiction  which 
Zeno  learned  from  his  master,  Parmenides.  Motion  is  im¬ 
possible  because  it  leads  you  into  the  flat  contradiction  of 
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asserting  that  a  thing  can  both  be  and  not  be  in  the  same 
place  at  the  same  time.  Thus  arose  the  first  logical  ques¬ 
tion,  namely,  the  question  as  to  what  methods  of  reasoning 
are  trustworthy.  Later  on  this  type  of  argument  was  de¬ 
veloped  into  the  dilemma. 

The  next  important  contribution  to  logic  was  made  by 
itinerant  Greek  teachers  called  the  Sophists.  They  held 
truth  to  be  relative  to  the  individual.  Protagoras,  one  of 
their  leaders,  enunciated  the  famous  saying:  “Man  is  the 
measure  of  all  things,  of  things  that  are  that  "they  are, 
and  of  things  that  are  not  that  they  are  not/1  Conse^ 
quently,  these  men  took  a  special  interest  in  the  art  of  per¬ 
suasion.  Since  anything  is  true  which  any  one  believes, 
high  value  is  attached  to  the  ability  to  convince  others.  As 
early  as  the  age  of  the  Sophists  (400  B.  C.),  rhetoric  and 
logic  began  to  take  form  as  separate  studies.  Logic,  then, 
very  early  appears  in  the  history  of  thought  as  the  art  of 
arguing,  this  being  one  of  the  accomplishments  essential  to 
the  success  of  a  young  Greek  in  public  life.  Needless  to  say, 
it  has  always  retained  something  of  this  character. 

.Socrates  raised  the  question  whether  there  are  not  uni¬ 
versal  meanings  or  ideas  which  must  be  accepted  as  true  by 
every  thinking  being.  In  seeking  for  such  ideas  he  aban¬ 
doned  the  view  that  truth  is  relative  to  the  individual, 
and  turned  away  from  logic  as  an  art  of  persuasion  to  logic 
as  a  science  of  definition.  What  do  we  mean  by  goodness, 
justice,  or  beauty  ?  What  is  the  common  or  universal  mean¬ 
ing  behind  these  words  ?  This  was  the  all-important  ques¬ 
tion  for  Socrates.  And  he  wanted  and  demanded  some¬ 
thing  more  for  a  definition  than  a  mere  example  of  an  act 
of  justice.  He  sought  for  the  constituent  elements  in  the 
thing  itself.  He  thought  that  it  was  possible,  and  essential 
to  clear  thinking,  to  get  at  the  common  qualities  possessed 
by  all  individuals  of  the  group  in  question.  Otherwise  a 
knowledge  of  that  group  is  impossible.  We  have  already 
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seen  that  definition  is  also  an  essential  part  of  present-day- 
logical  doctrine. 

In  order  to  define  more  accurately,  Plato  carried  the 
investigations  of  Socrates  further,  and  developed  the 
methods  of  analysis  and  logical  division  or  classification. 
In  getting  at  the  common  qualities  of  an  object,  Socrates 
had  already  hit  upon  the  method  of  analysis.  Plato,  how¬ 
ever,  greatly  extended  and  made  systematic  use  of  it  in 
his  own  teaching  in  the  Academy  of  Athens.  But  not  only 
did  he  formulate  the  method  of  analysis  with  greater  pre¬ 
cision  and  definiteness  than  Socrates  had  done,  he  also 
added  to  it  the  method  of  division.  In  the  logical  sense  of 
the  word,  division  is  an  instrument  for  classifying  our 
knowledge  of  a  subject.  This  instrument  was  carefully 
developed  and  applied  in  the  investigations  carried  on  in 
the  Academy.1 

Aristotle  organized  and  arranged  all  of  this  material 
which  had  been  worked  out  by  his  predecessors,  and  added 
to  it  his  own  doctrine  of  the  syllogism.  In  the  syllogism,  he 
thought  he  had  discovered  the  method  of  reasoning  which  is 
common  to  all  branches  of  knowledge.  There  are,  then,  two 
reasons  why  Aristotle  is  usually  called  the  “Father  of 
Logic,”  (1)  because  of  his  having  been  the  first  to  sys¬ 
tematize  the  logical  doctrines  already  in  existence  and  (2) 
because  of  his  having  originated  that  form  of  reasoning 
known  as  syllogistic  reasoning.  His  most  important  logical 
writings  are :  the  Categories,  Interpretation,  Prior  Ana¬ 
lytics,  Posterior  Analytics,  Topics,  and  a  treatise  on  falla¬ 
cies  entitled,  Sophistical  Difficulties.  His  followers  col¬ 
lected  these  writings  into  a  single  book,  and  gave  it  the 
title  Organon.  This  was  because  they  accepted  Aristotle’s 


i  The  Academy  was  a  higher  educational  institution  founded  by 
Plato  in  Athens.  It  was  the  most  famous  university  of  antiquity, 
although  the  Lyceum,  which  was  later  founded  by  Aristotle,  was  a 
close  second. 
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interpretation  of  logic  as  a  code  of  rules  or  principles  used 
in  the  investigations  carried  on  by  science.  The  word 
organon  means  an  instrument  of  thought,  and  to  Aristotle 
and  his  followers  the  syllogism  is  the  instrument  of  thought 
par  excellence. 

We  learned  above  that  there  are  four  different  figures  of 
the  syllogism.  Aristotle  only  worked  out  the  first  three 
figures.  The  fourth  is  said  to  have  been  introduced  by 
Galen,  a  celebrated  physician,  some  time  during  the  later 
half  of  the  second  century,  B.  C.  Another  important  addi¬ 
tion  was  made  by  the  Stoic  logicians  of  the  Roman  period 
when  the  doctrine  of  the  hypothetical  and  the  disjunctive 
syllogisms  was  worked  out.  Otherwise  the  Aristotelian 
logic  has  remained  substantially  the  same  as  he  left  it. 

Many  modern  logicians  regard  the  adoption  of  the  Aris¬ 
totelian  logic  by  the  schoolmen,  the  orthodox  church 
philosophers  of  the  Middle  Ages,  as  being,  at  least  in  some 
important  respects,  a  step  backward  rather  than  forward. 
For  these  men  did  not  fully  comprehend  Aristotle.  Hence, 
their  conception  of  the  function  or  purpose  of  logic  was 
radically  different  from  his.  As  a  result,  the  deeper  side 
of  his  thought  was  subordinated  to  the  purely  formal  use 
of  the  syllogism.  They  omitted  especially  the  scientific 
foundation  upon  which  Aristotle  built  his  theory  of  the 
syllogism.  Hair-splitting  distinctions,  for  example,  whether 
the  pig  that  is  being  driven  to  market  is  held  by  the  man 
or  the  rope,  whether  a  shield  that  is  white  on  one  side  and 
black  on  the  other  may  be  called  either  white  or  black,  were 
defended  and  opposed  by  disputants  in  long  strings  of 
formal  syllogisms.  This  way  of  using  logic  came  to  be 
known  as  logic  chopping,  and  it  has  brought  considerable 
discredit  on  syllogistic  reasoning. 

That  this  belief  in  the  infallibility  of  purely  formal  logic 
as  an  art  of  thought  died  hard  is  shown  by  the  following 
interesting  quotation  from  Graham  Wallas:  “During  the 
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years  of  the  American  and  French  Revolution  Oxford  stu¬ 
dents  were  still  required,  in  order  to  receive  their  official 
certificates  as  trained  thinkers,  to  repeat  long  Latin 
‘strings’  of  syllogistic  affirmations  and  denials  on  some 
questions  in  moral  or  natural  philosophy.  Here  is  a  transla¬ 
tion  of  a  part  of  such  a  string : 

Opponent.  What  think  you  of  this  question,  whether  uni¬ 
versal  ideas  are  formed  by  abstraction? 

Respondent.  I  affirm  it. 

Opponent.  Universal  ideas  are  not  formed  by  abstraction, 
therefore  you  are  deceived. 

Respondent.  I  deny  the  antecedent. 

Opponent.  I  prove  the  antecedent.  Whatever  is  formed 
by  sensation  alone,  is  not  formed  by  abstraction,  but 
universal  ideas  are  formed  by  sensation  alone,  therefore 
universal  ideas  are  not  formed  by  abstraction. 

Respondent.  I  deny  the  minor  premise. 

Opponent.  I  prove  the  minor.  The  idea  of  solidity  is  a 
universal  idea,  but  the  idea  of  solidity  is  formed  by 
sensation  alone,  therefore  universal  ideas  are  formed 
by  sensation  alone,  etc.,  etc.”  2 

To-day  it  is  generally  recognized  that  scholastic  logic  is 
not  pure  Aristotelian  logic,  but  more  or  less  of  an  adultera¬ 
tion.  In  recent  years  logicians  have  gone  back  to  a  careful 
study  of  the  Aristotelian  writings  to  purge  the  traditional 
logic  from  its  scholastic  glosses.  Hence  criticisms  of 
scholastic  logic  are  not  necessarily  valid  of  Aristotelian 
logic.  But  too  many  critics  of  scholastic  logic  fail  to  take 
into  consideration  the  general  level  of  culture  of  the 
medieval  period.  We  could  not  reasonably  expect  logical 
science  to  be  far  in  advance  of  general  knowledge,  and  in 
an  age  before  the  rise  of  modern  science,  and  before  the 
renaissance  of  classical  learning,  scholastic  logic  was  a  nat¬ 
ural  product.  The  schoolmen  kept  alive  an  interest  in 


2  The  Great  Society,  p.  177.  Quoted  by  Wallas  from  Godley: 
Oxford  in  the  Eighteenth  Century,  p.  177. 
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logical  questions  before  the  enrichment  of  knowledge  by  the 
discoveries  of  the  great  scientists,  and  thereby  bridged  the 
gap  between  ancient  and  modern  logic.  For  this  they  de¬ 
serve  great  credit. 

The  Development  of  Methodology 

Under  the  influence  of  the  distinguished  scientists  of  the 
fifteenth  and  sixteenth  centuries,  especially  'William  Gilbert 
and  Galileo,  there  was  initiated  a  new  movement  out  of 
which  a  supposedly  new  type  of  logic  developed.  Francis 
Bacon  (1561-1626),  contemporary  and  friend  of  Gilbert, 
iworked  out  into  a  general  logical  theory  of  method  the  pro¬ 
cedure  Gilbert  had  employed  in  his  remarkable  experi¬ 
ments  into  the  nature  of  magnetism  which  laid  the  founda¬ 
tion  for  the  great  science  of  electro-magnetism.  Bacon  fol¬ 
lowed  Gilbert  in  condemning  the  scholastic  method  of  rea¬ 
soning.  He  set  forth  what  he  called  a  new  method — a 
Novum  Organum,  to  replace  the  Organon  of  Aristotle : 

There  are  (he  writes)  but  two  ways  of  investigating  and  dis¬ 
covering  truth.  The  one  hurries  on  rapidly  from  the  senses  and 
particulars  to  the  most  general  axioms,  and  from  them,  as  princi¬ 
ples  and  their  supposed  indisputable  truth,  derives  and  discovers 
the  intermediate  axioms.  This  is  the  way  now  in  use.  (Bacon 
here  refers  to  the  traditional  logic  in  the  corrupt  form  in  which 
it  existed  among  the  schoolmen  of  his  day.)  The  other  con¬ 
structs  its  axioms  from  the  senses  and  particulars,  by  ascending 
continually  and  gradually,  till  it  finally  arrives  at  the  most  gen¬ 
eral  axioms,  which  is  the  true  but  unattempted  way.3 

s  Novum  Organum,  Bk.  I,  Aphorism  XIX.  That  Bacon  was  in¬ 
debted  to  Gilbert  will  be  obvious  to  any  one  who  reads  the  Preface 
of  the  latter’s  Treatise  on  Magnetism,  published  nearly  twenty  years 
before  the  Novum  Organum.  He  there  refers  to  his  own  method  as 
“a  new  style  of  philosophizing,”  as  against  the  method  of  “construct¬ 
ing  certain  ratiocinations  on  a  basis  of  mere  opinions  and  of  old 
womanishly  dreaming  the  things  that  are  not.”  He  insists  upon  the 
importance  of  beginning  with  what  “we  may  handle  and  may  perceive 
with  the  senses,”  taking  first  “facts  of  less  rare  occurrence,  from 
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He  then  attempts  to  map  out  this  new  way  by  distinguish¬ 
ing  instances  where  the  thing  or  phenomenon  under  in¬ 
vestigation  is  present,  from  those  instances  in  which  it  is 
absent  and  those  in  which  it  is  present  in  varying  degrees. 
He  arranged  these  different  types  of  instances  of  the  thing 
in  (1)  a  table  of  presence,  (2)  a  table  of  absence,  (3)  a 
table  of  degrees.  David  Hume  took  over  these  three  princi¬ 
ples  later  as  rules  for  determining  cause  and  effect.  It 
remained  for  John  Stuart  Mill  to  develop  Bacon’s  tables 
and  Hume’s  three  rules  into  his  famous  experimental 
methods — agreement ,  difference,  joint  method  of  agreement 
and  difference,  concomitant  variations  and  residues,  which 
were  expounded  in  detail  above.  Thus,  one  line  of  de¬ 
velopment  of  scientific  method  took  its  departure  from 
William  Gilbert  and  Francis  Bacon,  and  culminated  in  the 
experimental  methods  of  Mill. 

At  the  same  time  methodology  was  enriched  by  a  re¬ 
newed  emphasis  on  deduction  as  it  takes  place  in  such  rigid 
disciplines  as  the  mathematical  sciences.  Descartes,  the 
great  French  mathematician  and  philosopher,  emphasized 
the  importance  of  deductive  procedure  in  scientific  investi¬ 
gation.  In  this  he  was  strongly  supported  by  his  con¬ 
temporary  in  England,  Thomas  Hobbes,  and  by  his  suc¬ 
cessors  on  the  continent,  Spinoza  and  Leibniz.  Incidentally, 
this  movement  led  to  a  revival  of  the  Aristotelian  logic  in 
the  so-called  Port  Royal  logic.  Newton,  in  England,  and 
Laplace,  in  France,  worked  in  actual  science  along  the  same 
line  that  those  great  logicians  worked  in  developing  the 
logical  theory  of  scientific  method.  The  great  weakness 
in  the  Baconian  method  was  the  neglect  of  hypothesis, 
whereas  this  was  the  strong  feature  of  the  Newtonian 

these  proceeding  to  facts  of  a  more  extraordinary  kind,”  and  by 
means  of  repeated  “experiments,”  reaching  “hidden  causes.”  See 
above,  pp.  285  /.  In  fact,  it  is  my  opinion  that  Bacon  got  his  Novum 
Organum  from  Gilbert. 
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method.  To-day  these  two  separate  lines  of  development 
are  being  brought  together,  and  a  real  science  of  method 
is  in  process  of  development.  This  science  is  called 
methodology  of  scientific  method,  and  it  was  sketched  in 
Part  Two.  It  is  being  greatly  enriched  by  contemporary 
investigations  into  the  actual  thought  processes  and  methods 
which  are  proving  fruitful  in  scientific  research.  As  we 
have  already  seen,  modern  methodologists  recognize  the 
value  of  hypothesis  and  deduction,  but  they  emphasize  with 
equal  force  the  need  of  experimentation,  and  of  taking  into 
consideration  both  positive  and  negative  instances  of  the 
thing  or  phenomenon  under  investigation,  as  did  Bacon  and 
Mill. 

Contemporary  Logic 

In  the  light  of  this  brief  historical  survey,  let  us  make 
a  rough  classification  of  the  more  important  contemporary 
schools  of  logic. 

1.  Traditional  Aristotelian  logic  is  to-day  represented  by 
two  different  groups  of  logicians  whose  conceptions  of  it 
are  diametrically  opposite,  (a)  The  neo-scholastic  logicians 
have  revived  the  logic  of  Aristotle  as  expounded  by  the 
schoolmen,  on  the  assumption  that  this  contains  the  es¬ 
sentials  of  logic  and  only  needs  to  be  purged  of  its  medieval 
glosses  and  corruptions.  Such  a  presentation  of  the  subject 
is  supposed  to  facilitate  the  study  of  logic  by  sparing  the 
student  the  inevitable  perplexities  involved  in  any  attempt 
to  adapt  the  system  of  Aristotle  to  modem  modes  of  thought 
which  are  wholly  alien  to  it.  P.  Coffey’s  Science  of  Logic, 
and  G.  H.  Joyce’s  Principles  of  Logic,  both  ably  represent 
this  standpoint.  (b)  Modernized  formal  Aristotelian  logic 
is  the  doctrine  of  Aristotle,  modified  to  meet  criticisms,  and 
to  include  a  discussion  of  the  actual  thought  methods  em¬ 
ployed  in  exact  scientific  research.  Since  Francis  Bacon 
inaugurated  a  reform  of  the  school  logic  it  has  always  been 
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customary  to  include  in  a  textbook  some  discussion  of  the 
experimental  methods  of  science.  Consequently,  there  has 
developed  an  important  type  of  logic  which  contents  itself 
with  combining  scientific  method  and  Aristotelianism. 
H.  W.  B.  Joseph’s  An  Introduction  to  Logic  is  a  thorough 
presentation  and  vigorous  defense  of  this  modern  point  of 
view. 

2.  Symbolic  Logic.  Since  about  1850,  under  the  influence 
of  George  Boole  and  John  Venn,  distinguished  English 
logicians,  a  logic  has  developed  which  operates  wholly  with 
symbols  instead  of  written  words.  Logicians  of  this  school 
generally  hold  that  exact  thinking  demands  a  special 
language  because  ordinary  language  is  too  clumsy  to  ex¬ 
press  the  nice  distinctions  necessary  to  precise  thought. 
Following  a  suggestion  of  Leibniz,  these  logicians  have 
elaborated  such  a  language  frequently  called  logistic.  Its 
elements  closely  resemble  mathematical  symbols.  In  fact, 
it  may  be  regarded  as  an  elaboration  and  extension  of 
mathematical  symbolism.  Consequently  this  type  of  logic 
is  frequently  referred  to  as  mathematical  logic,  and  repre¬ 
sentatives  of  it  have  high  hopes  of  its  supplanting  all  other 
types,  a  position  which  only  lovers  of  symbols  are  ready 
to  take.  It  goes  without  saying  that  all  the  logical  writings 
of  this  school  of  logicians  are  highly  technical.  The  con¬ 
temporary  leaders  in  this  movement  are  Bertrand  Russell 
and  A.  N.  Whitehead,  whose  Principia  Mathematica  is  so 
far  the  most  important  contribution  to  the  literature  of 
this  logic ;  Couturat,  the  late  French  logician,  whose  Algebra 
of  Logic  is  perhaps  the  best  introduction  to  symbolic  logic ; 
Peano,  a  great  Italian  logician;  and  C.  I.  Lewis,  of  Har¬ 
vard,  who  has  written  a  history  of  the  movement.  Owing 
to  the  technicality  of  symbolic  logic,  I  have  not  attempted  to 
deal  with  it  in  this  book,  but  it  is  undoubtedly  one  of  the 
most  significant  additions  that  has  ever  been  made  to  the 
body  of  logical  science. 
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3.  Modern  N on-Symbolic  and  N on- Aristotelian  Logic. 
There  is  also  an  extremely  important,  a  large  and  a  grow¬ 
ing  logical  literature,  which  is  non-symbolic  and  largely 
hostile  to  the  syllogistic  logic  of  Aristotle.  From  our  point 
of  view  this  is  the  most  substantial  part  of  contemporary 
logic.  It  consists  of  three  radically  different  schools,  the 
differences  being  primarily  due  to  their  underlying  philo¬ 
sophical  positions. 

(a)  Realistic  non-symbolic  logic  is  nearest  to  and  sym¬ 
pathetic  with  symbolic  logic,  but  it  operates  with  ordinary 
written  language  instead  of  with  symbols.  It  is  especially 
interested  in  and  has  made  important  contributions  to 
scientific  method.  The  important  writings  of  the  German 
logician,  Alexius  Meinong,  and  L.  T.  Hobhouse’s  work 
entitled  The  Theory  of  Knowledge,  belong  to  this  type  of 
logic,  as  do  also  the  cooperative  volumes,  The  New  Realism 
and  Essays  in  Critical  Realism.  In  general  it  is  hostile  to 
traditional  logic,  and  emphasizes  especially  the  relativity  of 
human  knowledge.4 

(b)  Pragmatic  logic ,  sometimes  called  the  logic  of  per¬ 
sonal  idealism,  treats  logic  as  the  science  of  thought,  but 
regards  thought  as  only  a  stage  in  the  temporal  develop¬ 
ment  of  human  experience.  John  Dewey  is  the  outstand¬ 
ing  representative  of  this  type  of  non-symbolic  logic,  but 
he  is  ably  supported  by  F.  C.  S.  Schiller,  Boyce  Gibson 
and  A.  W.  Moore.  John  Dewey’s  Essays  in  Experimental 
Logic  is  perhaps  the  most  substantial  piece  of  work  of  this 
school.  Schiller ’s  Formal  Logic  is  largely  a  tirade  against 
Aristotelian  Logic.  Boyce  Gibson  s  Problem  of  Logic  is  a 
valuable  introduction  to  the  science  from  the  standpoint 
of  pragmatism,  as  is  also  the  cooperative  volume,  Creative 
Intelligence.  Mark  Baldwin’s  Genetic  Logic  is  somewhat 
apart  from  this  movement  but  is  closer  to  this  than  to 


4  See  Ch.  XVII,  on  “Probability.” 
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any  of  the  types  which  I  distinguish.  As  a  competent 
critic  has  said:  “Though  there  are  some  important  dif¬ 
ferences  between  Professor  Baldwin’s  views  and  those  of 
the  pragmatic  evolutionists,  they  belong  together  in  gen¬ 
eral  standpoint  and  aim.  Not  only  do  they  both  approach 
the  problem  of  logic  from  the  psychological  point  of  view, 
but  both  alike  derive  their  working  conceptions  from  the 
biological  formulation  of  evolution  rather  than  from  post- 
Kantian  idealism.  ’  ’ 6 

(c)  Idealistic  non-symbolic  logic  goes  back  to  Kant  and 
Hegel,  two  great  German  logicians,  who  did  their  chief 
work  from  1750  to  1830,  and  attempts  to  conserve  the  im¬ 
portant  logical  doctrines  of  these  writers  in  modern  logic. 
Hence  it  is  traditional  but  non-Aristotelian.  This  type  of 
logic  has  eminent  defenders  in  Germany,  among  whom  the 
late  Windelband,  Husserl,  Rickert  and  Cassirer  are  espe¬ 
cially  important.  Josiah  Royce’s  valuable  logical  articles 
in  the  Encyclopedia  of  Religion  and  Ethics,  and  in  Ruge’s 
Encyclopedia  of  the  Philosophical  Sciences,  are  written 
from  this  standpoint.  In  England  its  staunchest  defenders 
are  F.  H.  Bradley,  H.  H.  Joachim  and  Bernard  Bosanquet. 
The  latter’s  two  volumes,  Logic,  and  his  smaller  Essentials 
of  Logic  and  Implication  and  Linear  Inference  are  ad¬ 
mirable  expositions  of  this  position.  According  to  Dr. 
Bosanquet,  the  task  of  logic  is  to  “understand  the  process 
of  understanding,  the  growth  and  transformation  of 
thought,”  but  he  means  by  thought  any  thinking  whatso¬ 
ever  and  not  just  that  of  a  finite  mind. 

In  succeeding  chapters  the  theories  of  truth,  the  in¬ 
terpretations  of  the  basic  assumptions  of  logic,  and  the 
attitude  toward  traditional  Aristotelian  logic  of  these  three 
schools  will  be  briefly  outlined. 


o  J.  E.  Creighton,  Psychological  Review,  Vol.  XVI,  p.  179. 
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CURRENT  THEORIES  OF  THE  NATURE  OF  TRUTH 

Truth  as  the  Central  Problem  of  Logic 

Each  branch  of  philosophical  knowledge  may  be  dis¬ 
tinguished  by  the  central  question  or  questions  which  it 
attempts  to  answer.  Thus,  the  basic  question  of  meta¬ 
physics  is:  What  is  the  nature  of  ultimate  reality?  And 
the  chief  questions  of  ethics  are :  What  is  goodness  or 
value?  What  is  duty  or  obligation?  And  esthetics  asks: 
What  is  the  nature  of  beauty?  While  the  philosophy  of 
religion  asks:  Who  is  God?  What  are  the  proofs  for  the 
existence  of  God?  Is  man  immortal?  Is  evil  real?  In 
like  manner,  the  most  fundamental  question  of  logic  is: 
What  is  truth?  Every  treatise  and  monograph  written  on 
the  subject  of  logic  is  dominated  by  some  theory  of  the 
nature  of  truth.  To  be  sure,  it  may  either  be  implicit  or 
explicit,  but  in  some  form  or  another  it  is  sure  to  be  there. 
To  be  a  logician,  one  must  have  an  answer  to  the  absorbing 
question  which  the  Fourth  Gospel  has  Pilate  put  to  Jesus: 
“What  is  truth?”  It  is  doubtful  whether  there  is  any 
question  known  to  man  which  is  any  more  fundamental 
than  this  one,  or  any  the  answer  to  which  has  farther 
reaching  consequences.  Hence,  each  contemporary  school 
of  logic  has  its  own  theory  of  truth. 

We  have  been  presenting  one  of  these  current  theories 
of  truth  in  one  form  or  another  throughout  this  textbook. 
When  we  first  presented  the  doctrine  of  the  implicative 
system  or  the  inferential  whole  as  the  unit  of  knowledge, 
in  Chapter  I,  we  were  really  presenting  an  answer  to  the 
question :  What  is  truth  ? 

And  again,  we  were  dealing  with  it  in  various  other  forms 
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in  our  account  of  the  nature  of  judgment,  of  inference,  of 
the  general  theory  of  induction  as  scientific  analysis  which 
reveals  the  actual  relations  in  reality,  and  in  our  account 
of  explanation  as  reaching  out  toward  a  complete  synthesis 
of  all  the  facts  in  some  comprehensive  theory.  In  brief,  our 
entire  exposition  of  the  subject  matter  of  logic  has  been 
based  upon,  and  thoroughly  permeated  by,  the  theory  that 
truth  is  what  a  proposition  gets  from  its  relation  to  its 
implicative  system,  and  that  whatever  truth  any  particular 
assertion  or  inferential  process  possesses  is  wholly  con¬ 
stituted  by  its  place  in  this  system.  And  this  holds,  re¬ 
gardless  of  whether  it  is  an  inductive  generalization  reached 
by  one  or  more  of  the  scientific  methods,  or  a  conclusion 
reached  by  the  use  of  syllogistic  reasoning.  Sometimes  we 
have  referred  to  this  objective  system  of  order  as  being 
knowledge,  and  sometimes  as  being  reality.  The  fact  is 
that,  from  a  logical  point  of  view,  no  ultimate  distinction 
can  be  made  between  the  whole  system  of  knowledge  and 
ordered  reality.  For  the  system  of  knowledge  is  reality, 
as  viewed  and  interpreted  by  the  human  mind.  Hence  any 
analysis  of  the  nature  of  knowledge,  viewed  as  a  system  in¬ 
dependent  of  any  particular  human  being,  is  at  the  same 
time  an  analysis  of  the  nature  of  reality.  Now  that  system, 
as  a  whole,  is  the  truth,  and  the  truth  of  any  judgment 
whatsoever  is  determined  by  its  relation  to  and  place  in 
that  system.  If  any  judgment  claims  truth,  and  every 
judgment  does,  the  adjudication  of  its  claim  must  rest  upon 
a  determination  of  its  relation  to  the  system  of  reality. 

This,  then,  is  the  answer  to  the  basic  question  of  logical 
science  which  dominates  this  textbook.  It  is  the  theory 
of  the  idealists,  and  is  known  as  the  coherence  theory  of 
truth.  In  order  to  set  it  in  the  clearest  possible  light,  it 
seems  altogether  fitting  and  proper  that  it  should  here  be 
presented  anew,  along  with  the  main  opposing  theories 
advocated  by  living  logicians. 
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The  Pragmatist  Theory  of  Truth 

Pragmatists  are  the  bitter  enemies  of  the  coherence  theory, 
because  they  think  that  it  is  highly  impracticable  in  that  it 
makes  the  truth  of  any  proposition  dependent  upon  a  sys¬ 
tem  of  things,  which,  as  a,  whole,  no  man  can  know.  As  a 
substitute,  they  offer  a  theory  which  is  usually  called  the 
instrumental  theory  of  truth.  Recording  to  this  view,  truth 
is  the  intellectual  process  o£- verifying  a  judgment.  The 
kfuth  is  made  by  the  human  mind  whenever  it  follows  a 
suggested  idea  through  to  the  practical  value  to  which  it 
leads.  Suppose,  for  instance,  that  some  one  is  lost  in  the 
mountains,  nearly  starved  and  frozen,  and,  coming  upon 
what  looks  to  be  a  cow  path,  he  makes  the  judgment : 
“There  is  a  house  where  I  can  find  food  and  shelter  and 
my  way  back  to  civilization  at  the  end  of  this  cow  path.” 
Here  is  a  judgment  arising  out  of  a  practical  situation, 
whose  truth  is  by  no  means  rooted  in  the  system  of  reality. 
For  it  is  neither  true  nor  false  until  it  is  verified.  And 
by  verifying  it  is  meant  going  through  a  certain  definable 
set  of  activities.  If  following  the  path  actually  leads  to 
the  house,  the  judgment  gets  verified  and  thereby  becomes 
true.  This  process  of  proving  the  judgment  useful,  of 
tracing  out  its  practical  consequences,  is  a  process  of 
verification  in  which  truth  is  made.  Again,  if  I  say,  “He 
had  better  consult  a  physician,  ’  ’  the  truth  of  my  assertion 
will  be  the  process  set  up  by  its  formulation,  since  this 
leads  the  man  in  question  to  go  to  a  physician  and  get 
cured  from  an  ailment.  Truth  is  not  a  static  and  fixed 
quality  of  a  judgment.  It  is  very  human  and  notoriously 
variable.  It  is  what  happens  to  judgments  when  they  lead 
to  good  practical  consequences. 

Thus,  William  James  says  that  the  pragmatic  method  is: 

To  try  to  interpret  each  notion  by  tracing  its  respective  prac¬ 
tical  consequences.  What  difference  would  it  practically  make  to 
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any  one  if  this  notion,  rather  than  that  notion,  were  true?  If 
no  practical  difference  whatever  can  be  traced,  then  the  alterna¬ 
tives  mean  practically  the  same  thing,  and  all  dispute  is  idle. 
.  .  .  Truth  means  that  ideas  (which  themselves  are  but  parts  of 
our  experience)  become  true  just  in  so  far  as  they  help  us  to 
get  into  satisfactory  relations  with  other  parts  of  our  experience. 
•  •  •  Any  idea  upon  which  we  can  ride,  so  to  speak;  any  idea 
that  will  carry  us  prosperously  from  any  one  part  of  our  ex¬ 
perience  to  any  other  part,  linking  things  satisfactorily,  working 
securely,  simplifying,  saving  labor;  is  true  for  just  so  much, 
true  in  so  far  forth,  true  instrumentally.  1 

This  sounds  very  good  until  it  is  subjected  to  criticism. 
Then  it  falls  like  a  house  of  cards.  For  instance,  it  in¬ 
volves  such  statements  as  these :  ( 1 )  that  we  can  verify  all 
those  of  our  ideas,  which  are  true;  (2)  that  all  those 
among  our  ideas,  which  we  can  verify,  are  true;  (3)  that 
all  our  true  ideas  are  useful;  (4)  that  all  those  of  our 
ideas,  which  are  useful,  are  true;  (5)  that  beliefs  may  be 
true  at  one  time,  and  not  true  at  another;  (6)  that  human 
beings  not  only  make  their  beliefs,  but  that  they  make  them 
true,2  It  is  veiy  easy  to  show  that  all  of  these  assertions 
are  false,  and  yet  the  instrumental  theory  of  truth  commits 
its  advocates  to  maintaining  them. 

Moreover,  James  himself  appears  to  have  taken  for 
granted  the  truth  of  a  certain  form  of  the  coherence  theory. 
For  even  though  he  defined  truth  as  that  which  satisfies 
our  human  needs,  he  insisted  that  the  need  for  consistency 
is  the  greatest  claimant  among  all  our  needs.  “Truth  in 
science  is  what  gives  us  the  maximum  possible  sum  of  satis¬ 
factions,  taste  included,  but  consistency  both  with  previous 
truth  and  with  novel  fact  is  always  the  most  imperious 


1  William  James,  Pragmatism,  pp.  45,  58. 

2  These  statements  are  adapted  from  G.  E.  Moore’s  Philosophical 
Studies.  See  the  essay  entitled,  “William  James’  ‘Pragmatism,’  ” 

pp.  100/. 
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claimant”  (p.  217).  This  consistency  with  previous  truth 
and  with  novel  fact,  which  James  here  demands  of  every 
truth,  is  nothing  more  nor  less  than  a  form  of  the  coherence 
theory  of  truth  brought  in  by  James  at  the  end,  without 
his  even  being  aware  that  it  is  entirely  different  from  his 
instrumental  theory.  For  his  appeal  to  consistency  really 
admits  that  we  only  recognize  an  idea  or  judgment  as  true 
which  fits  into  the  consistent  system  of  truth  and  fact. 
Now  this  is  the  coherence  theory  of  truth  stated  psycho¬ 
logically,  with  the  emphasis  on  our  human  need  for  con¬ 
sistency.  But  a  real  logical  development  of  this  view  would 
lead  to  the  theory  that  truth  is  an  actual  integrated  system 
of  facts,  irrespective  of  whether  it  satisfies  human  needs. 

Every  pragmatist  has  to  do  what  James  has  here  done, 
or  else  go  back  to  a  purely  relative  theory  of  truth,  such  as 
that  of  the  sophists  mentioned  in  the  last  chapter.  The 
instrumental  theory  cannot  be  twisted  so  that  it  can  give 
an  adequate  account  of  mathematical  concepts  or  of  judg¬ 
ments  about  past  events.  Advocates  of  this  view  either 
have  to  justify  such  truths  by  going  over  to  the  coherence 
theory,  or  they  have  to  deny  their  independence  of  the 
human  mind  making  use  of  them.  But  to  say  that  the 
truth  of  such  a  judgment  as,  ‘  *  Two  plus  two  equals  four,  ’  * 
or  “Caesar  crossed  the  Rubicon,”  depends  in  any  way  on 
the  mind  of  the  individual  now  using  the  judgment  is  a 
vicious  relativism,  which,  in  the  light  of  the  difference 
between  our  stage  of  knowledge  and  theirs,  beggars  the 
relativism  of  the  Greek  sophists.  The  proposition,  “There 
are  planets  revolving  around  the  north  star,”  is  certainly 
either  true  or  false,  and  yet  its  truth  or  falsity  is  abso¬ 
lutely  independent  of  any  of  our  human  processes  of  veri¬ 
fication  and  of  any  utility  its  being  true  might  conceivably 
have  for  us. 

Yet  it  must  not  be  thought  that  the  pragmatist  theory  of 
truth  is  utterly  valueless.  For  it  has  rendered  a  real  service 
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in  contemporary  philosophy,  which  I  cannot  express  better 
than  in  the  words  of  Hocking: 

The  pragmatic  test  has  meant  much  in  our  time  as  a  principle 
of  criticism,  in  awakening  the  philosophic  conscience  to  the  simple 
need  of  fruitfulness  and  moral  effect  as  a  voucher  of  truth.  It 
is  this  critical  pragmatism  which  first  and  widely  appeals  to  the 
intellectual  conscience  at  large.  Negative  pragmatism ,  I  shall 
call  it ;  whose  principle  is,  “That  which  does  not  work  is  not  true.” 
The  corresponding  positive  principle,  “Whatever  works  is  true,”  I 
regard  as  neither  valid  nor  useful.  But  invaluable  as  a  guide  do  I 
find  this  negative  test:  if  a  theory  has  no  consequences,  or  bad 
ones ;  if  it  makes  no  difference  to  men,  or  else  undesirable  differ¬ 
ences;  if  it  lowers  the  capacity  of  men  to  meet  the  stress  of 
existence,  or  diminishes  the  worth  to  them  of  what  existence  they 
have;  such  a  theory  is  somehow  false,  and  we  have  no  peace  until 
it  is  remedied.  I  will  even  go  farther,  and  say  that  a  theory  is 
false  if  it  is  not  interesting:  a  proposition  that  falls  on  the  mind 
so  dully  as  to  excite  no  enthusiasm  has  not  attained  the  level  of 
truth;  though  the  words  be  accurate,  the  import  has  leaked  away 
from  them,  and  the  meaning  is  not  conveyed.3 4 

Thus  practicality  is  one  good  criterion  of  truth.  To 
be  sure  pragmatists,  who  refuse  to  go  to  the  extreme  of 
saying  that  the  truth  of  a  belief  is  its  practical  consequences, 
substitute  the  idea  that  such  consequences  are  the  supreme 
and  ultimate  and  hence,  really,  the  only  criterion  of  truth. 
This  is  sometimes  called  essential  pragmatism,  to  distinguish 
it  from  the  extreme  view,  which  is  designated  hyper-prag¬ 
matism. 4  There  are,  however,  other  criteria  of  truth,  as 
for  example,  the  interest  to  which  Hocking  referred,  so  that 
this  view  is  also  too  extreme.  All  the  truth  which  can  be 
extracted  from  the  pragmatist  theory  is  that  practicality  is 
one  among  other  criteria  of  truth. 


3  W.  E.  Hocking,  The  Meaning  of  God  in  Human  Experience  (Yale 
University  Press),  Preface,  p.  13. 

4  This  useful  distinction  was  first  made  by  D.  C.  Macintosh  in  his 
Theory  of  Knowledge,  p.  409. 
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The  Correspondence  Theory  of  Truth 

There  are  two  forms  of  this  theory  of  truth.  One  is  an 
older  theory  no  longer  current  among  logicians,  although 
held  by  many  naive  persons  who  are  not  conscious  of  hold¬ 
ing  it,  and  sometimes  attributed  to  those  who  hold  the 
coherence  theory  by  critics  who  do  not  fully  understand 
the  coherence  view.  This  is  the  copy  theory  of  corre¬ 
spondence,  recently  styled,  one-one  correspondence.  True 
ideas  are  those  which  agree  with  the  facts  is  another  way 
of  expressing  this  view.  The  other  type  of  correspondence 
may  be  designated,  the  representative  theory  of  truth,  to 
distinguish  it  from  the  one-one  correspondence  view.  In 
this  case  an  idea  is  true  which  correctly  represents  the 
facts,  even  though  it  cannot  be  said  to  correspond  entirely 
with  them. 

1.  The  Copy  or  One-One  Correspondence  Theory  of 
Truth.  According  to  this  view  we  have  ideas  in  our  minds 
which  copy  or  agree  with  objects  in  nature  or  with  facts. 
An  idea  which  exactly  copies  or  agrees  with  its  object 
is  true,  one  which  only  partly  copies  it  is  partially  true,  and 
one  which  entirely  fails  to  agree  with  its  object  is  false. 
The  exact,  point-for-point  agreement  is  what  is  known  as 
one-one  correspondence.  For  example,  suppose  I  have  an 
idea  of  a  certain  table.  If  my  idea  is  complete  it  will  con¬ 
tain  in  it  color,  size,  shape,  style,  etc.  If  it  contains  each 
of  these  exactly  as  they  exist  in  the  table  it  is  a  true  idea. 
Its  truth  is  determined  by  the  extent  to  which  it  cor¬ 
responds  with  its  object.  Only  one-one  correspondence 
gives  complete  truth. 

The  difficulties  with  this  copy  theory  of  truth  are  too 
numerous  to  mention.  But  we  may  point  out  that  there 
are  numerous  ideas  for  which  there  are  no  physical  or  sense 
objects.  Mathematical  concepts  are  conspicuous  examples. 
This  theory  of  truth  cannot  account  for  the  truth  of  an 
idea  of  a  non-sensuous  object.  Moreover,  such  a  theory  in- 
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volves  what  is  known  as  epistemological  dualism,  that  is  to 
say,  it  separates  entirely  the  object  of  knowledge  from  the 
idea.  Practically  all  logicians  to-day  agree  that  such  a 
separation  makes  knowledge  impossible,  since  the  only 
means  we  have  of  knowing  the  existing  table  is  our  idea  of 
it.  We  cannot  get  outside  of  the  idea  to  observe  whether 
it  corresponds  with  its  object  or  not.  Hence  the  commonly 
accepted  theory  among  logicians  is  epistemological  monism, 
which  denies  that  the  object  of  knowledge  and  the  idea  we 
have  of  it  can  be  wholly  disparate.  Now  epistemological 
monism  is  inconsistent  with  a  one-one  correspondence  view. 

2.  The  Representative  Theory  of  Correspondence.  Va¬ 
rious  attempts  have  been  made  by  logicians  to  escape  the 
difficulties  in  the  copy,  or  one-one  correspondence  theory  of 
truth.  All  of  these  attempts  recognize  that  exact  copying 
is  an  interpretation  of  the  correspondence  theory  which  is 
logically  indefensible.  They  accordingly  operate  with  the 
notion  that  there  is  something  in  knowledge  which  repre¬ 
sents  the  objective  fact.  Hence  there  are  various  forms 
of  the  representative  theory  of  correspondence.  I  shall  deal 
with  the  two  most  significant  forms :  (A)  the  representative 
theory  of  critical  realism,  and  (B)  the  representative 
theory  of  Bertrand  Russell,  which  is  widely  held  by  logi¬ 
cians  of  the  school  of  neo-realism. 

( A )  The  Representative  Theory  of  Critical  Realism. 
Some  of  the  most  distinguished  logicians  and  philosophers 
in  general  of  our  day  call  themselves  critical  realists.  A 
number  of  these  men,  including  George  Santayana,  A.  K. 
Rogers,  R.  W.  Sellars,  C.  A.  Strong,  and  J.  B.  Pratt  have 
recently  published  a  cooperative  volume  entitled,  Essays  in 
Critical  Realism.  But  the  best  exposition  of  their  theory 
of  truth  is  to  be  found  in  A.  K.  Rogers’  more  recently 
published  What  is  Truth?  (Yale  University  Press). 

According  to  Rogers,  the  universe  is  a  dualistic  affair, 
with  psychical  existents  on  the  one  side  and  physical  ex- 
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istents  on  the  other.  True  knowledge  or  trueness  consists 
in  a  definite  relation  of  correspondence  between  a  psychical 
existent  and  a  physical  existent.  Or,  more  exactly,  any 
belief  is  true  which  expresses  an  actual  correspondence 
between  some  definite  psychical  existent  and  some  definite 
physical  existent.  But  this  correspondence  is  not  so  simple 
an  affair  as  the  one-one  type  of  correspondence,  according 
to  which  the  psychical  existent  simply  copies  exactly  the 
physical  existent.  The  matter  is  much  more  complicated. 
What  actually  happens  is  that  the  mind  abstracts  from  the 
psychical  existent  a  certain  “character”  or  set  of  “char¬ 
acters.”  Taken  together,  these  “characters”  constitute  an 
“essence,”  or  “meaning,”  or  “idea”  of  the  psychical  ex¬ 
istent  as  distinct  from  its  ‘  ‘  existence.  ’  ’  And  then  the  mind 
refers  this  essence  or  idea  to  some  physical  existent.  The 
act  of  reference  is  a  judgment,  and  the  judgment  is  true 
when  the  “essence”  is  referred  to  the  right  physical  ex¬ 
istent,  otherwise  it  is  false.  Rogers  asks  the  question: 
“If  on  certain  occasions  we  are  led  to  react  at  the  same 
moment  that  we  find  ourselves  experiencing  a  sensation  of 
redness,  why  should  we  not  automatically  characterize  the 
existent  to  which  the  reaction  points  by  redness,  and  so 
have  a  mental  tool  for  future  discriminations  in  conduct  ?  ’  ’ 

(p.  66). 

This  suggests  that  we  know  the  right  physical  existent 
from  the  fact  that  it  is  that  to  which  the  mental  state  or 
psychical  existent  causes  us  to  react,  and  presumably  the 
reference  of  the  essence  abstracted  from  this  mental  state 
would  be  more  likely  to  be  referred  to  the  right  physical 
existent  the  nearer  hi  time  the  act  of  reference  stood  to  the 
act  of  experiencing  the  mental  state.  But  this  is  a  detail. 
Let  me  quote  passages  setting  forth  the  theory  as  a  whole : 

The  true  object  of  knowledge  cannot  accordingly  be  understood 
except  in  terms  of  an  intimate  union  of  two  aspects.  In  its  con¬ 
struction  we  have  to  distinguish  two  separate  processes  or  phases 
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— the  apprehension,  or  direct  presence  in  psychological  experience, 
of  the  character  or  essence  which  describes  it,  and  the  outgoing 
reference  which  locates  this  as  an  attribute  of  an  independently 
real  world  (p.  60). 

This  character  of  the  psychical  state  which  the  mind  “intends” 
in  its  ideas  must  really  be  identifiable  with  the  character  of  the 
object  to  which  it  is  referred,  or  else  in  so  far  our  knowledge 
is  in  error;  and  if  the  essence  in  the  two  cases  is  identical,  the 
things  which  have  such  an  identical  essence  “correspond.”  In 
this  way  we  may  answer  the  familiar  objection  (to  the  cor¬ 
respondence  theory)  that  if  by  definition  an  object  lies  outside 
experience,  there  is  no  method  of  getting  hold  of  it  to  compare 
it  with  the  mental  state,  and  so  to  discover  the  correspondence. 
Correspondence  is  discovered  not  in  the  original  act  of  knowing, 
which  is  a  unitary  act  of  reference  or  identification,  but  through 
a  subsequent  reflective  thought,  to  which  both  the  terms  alike 
are  on  the  side  of  their  existence  external,  but  also  both  object 
and  mental  state  alike  are  now  present  in  idea,  that  is,  in  their 
essence,  and  so  can  be  compared  (p.  68). 

The  valuable  part  of  this  theory  is  to  be  found  in  its 
insistence  that  the  essence  of  the  psychical  existent  is 
identical  with  the  essence  of  the  physical  existent.  By 
setting'  up  a  common  idea  or  meaning,  this  theory  has  a 
substitute  for  our  notion  of  the  implicative  system,  and  ap¬ 
proaches  very  closely  to  the  coherence  theory  of  truth.  All 
that  is  necessary  to  turn  this  theory  into  the  coherence 
theory  is  to  deny  that  the  essence  is  abstract,  and  to  idenify 
it  with  the  concretely  known  object. 

In  holding  that  the  essence  is  an  abstraction,  dissevered 
from  the  existence  aspect  both  of  the  psychical  and  physical 
existents,  this  theory  is  really  involved  in  an  impossible  tri- 
parte  dualism.  In  the  first  place,  there  is  the  dualism  be¬ 
tween  psychical  existents  and  physical  existents,  which  is 
held  to  be  bridged  in  knowledge  by  the  identity  of  essence. 
But  in  the  second  place,  essence  is  strictly  other  than  ex¬ 
istence,  and  really  belongs  to  another  category  than 
existence.  Rogers  wrestles  with  this  distinction  to  very 
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little  purpose.  For  if  essence  is  strictly  separate  from 
existence  it  must  fall  in  the  realm  of  non-existence.  Hence, 
any  true  reference  of  an  essence  to  a  physical  existent  would 
be  false,  since  such  a  reference  would  ipso  facto  confer 
existence  on  that  essence,  and,  belonging’  to  the  realm  of 
non-existence,  it  is  incapable  of  existence.  Existence  is 
always  particular  and  concrete,  whereas  essence  is  uni¬ 
versal  and  abstract.  How,  then,  can  an  essence  exist? 
But  it  must  exist  both  in  the  psychical  existent  and  in  the 
physical  existent,  or  the  correspondence  between  them 
would  be  entirely  fictitious.  Dr.  Rogers  tries  to  avoid 
this  difficulty  by  a  further  distinction  between  the  essence 
“as  embodied  in  the  object,”  and  the  essence  as  “attended 
to  in  abstraction  from  it.”  Suppose  we  designate  the  for¬ 
mer  concrete  essence,  and  the  latter  abstract  essence.  The 
very  making  of  this  distinction  introduces  a  third  dualism 
which  throws  grave  doubt  on  the  correspondence.  How  am 
I  to  know  that  the  abstract  essence  which  I  refer  to  a 
physical  existent  will  not  be  altogether  different  in  its 
concretion  in  the  existent  from  what  it  is  in  the  abstract 
form  in  which  it  is  identical  with  a  meaning  or  an  idea? 
It  now  appears  that  at  least  three  different  correspondences 
are  implied  in  this  theory:  (a)  a  correspondence  between 
the  abstract  essence  and  the  concrete  essence  as  embodied  in 
the  mental  state;  (5)  a  correspondence  between  the  abstract 
essence  and  the  concrete  essence  as  embodied  in  the  physical 
existent;  (c)  a  correspondence  between  the  mental  state  or 
psychical  existent  with  its  concrete  essence  and  the  physical 
existent  with  its  concrete  essence.  To  know  that  this  last 
type  of  correspondence  holds,  one  must  first  know  that  both 
the  others  hold,  for  the  correspondence  between  the  two 
existents  is  based  on  the  assumption  that  no  change  in  the 
essence  is  involved  in  passing  from  the  mental  state,  with 
its  concrete  essence,  to  the  pure  abstract  essence,  and  from 
the  pure  abstract  essence  to  the  physical  existent,  with  its 
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concrete  essence.  Now,  to  say  the  least,  this  is  a  very  gen¬ 
erous  assumption.  It  seems,  then,  that  such  a  complicated 
correspondence,  involving  as  it  does  the  crossing  of  three 
chasms,  is  less  free  from  difficulties  than  simple  copying, 
which  offers  but  one  chasm  to  cross.  But  in  neither  case 
is  it  possible  to  discover  whether  the  correspondence  ac¬ 
tually  holds. 

Ultimately  Rogers  holds  that  we  know  that  the  corre¬ 
spondence  holds  because  of  certain  prerational  instinctive 
beliefs.  But  when  he  faces  the  significant  question :  ‘  ‘  How 
can  beliefs  be  justified,  so  as  to  separate  out  the  sheep  from 
the  goats  ?  ”  he  is  compelled  to  say : 

The  answer  I  should  give  to  this  last  question  is  the  familiar 
one  of  “coherence.”  Coherence  I  think  must  be  rejected  as  a 
sufficient  definition  of  truth,  or  a  sufficient  reason  for  belief.  .  .  . 
But  with  belief  presupposed,  it  does  seem  to  be  the  case  that 
coherence  is  the  only  test  by  which  we  can  justify  belief  to  the 
intellect,  outside  the  very  insignificant  field  where  intuitive  cer¬ 
tainty  holds.  This  does  not  necessarily  mean  that  we  ought  to 
abandon  all  beliefs  that  we  cannot  so  justify.  Nature  will  prob¬ 
ably  be  too  strong  for  us  in  any  case.  But  nevertheless  we  do  find 
on  the  whole  that  rational  belief  is  the  better  and  more  satisfying 
sort.  And  so  long  as  we  play  the  game  of  reason,  and  profess  to 
have  passed  beyond  the  first  naive  and  non-reflective  stage  of  ex¬ 
perience,  “justification”  may  be  taken  as  meaning  “inclusion 
within  a  coherent  system”  (pp.  11/.). 

( B )  Russell’s  Theory  of  Correspondence.  In  his  little 
book  entitled  The  Problems  of  Philosophy ,  to  which  we 
have  already  referred,  Bertrand  Russell  presents  a  popu¬ 
lar  exposition  of  the  correspondence  theory  of  truth  which 
has  been  widely  accepted  by  logicians  of  the  school  of  neo¬ 
realism.  According  to  him  there  subsist,  in  a  non-human, 
non-physical,  but  logical  world,  certain  complex  entities 
called  fact  complexes  or  propositions — as  many,  in  fact,  as 
are  needed  as  points  of  reference  for  our  human  judgments. 
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A  human  judgment  or  belief  is  a  purely  subjective  asser¬ 
tion  of  some  mind.  It  is  true  when  it  correctly  represents 
or  corresponds  to  the  proposition  or  fact  complex  to  which 
it  refers  in  that  independent  world  of  subsisting  proposi¬ 
tions.  Now,  both  the  human  judgment  and  the  non-human 
proposition  are  highly  complex,  involving  both  terms  and 
relations.  The  relation  which  ties  together  the  constituents 
of  the  proposition  is  known  as  the  object  relation,  and  the 
relation  which  ties  together  the  terms  in  the  judgment  is 
known  as  the  relation  of  believing.  Now  the  judgment  is 
true  when  the  relation  of  believing  ties  together  the  con¬ 
stituents  in  the  same  way  in  which  they  are  tied  together 
in  the  fact  complex  by  the  object  relation.  Otherwise,  the 
judgment  is  false. 

To  take  Russell’s  illustration:  The  judgment  of  Othello 
that  Desdemona  loves  Cassio  is  true  if,  in  the  subsisting 
world  of  propositions,  there  is  a  fact  complex  having  the 
constituents:  Desdemona,  Cassio  and  loving,  the  latter 
being  the  object  relation,  and  if  these  two  terms  are  actu¬ 
ally  related  by  loving  in  the  way  Othello  relates  them  by 
his  act  of  believing.  ‘‘Thus,  a  belief  is  true  when  it  cor- 
respond^Jto— a-cagtain  associated  complex,  and  false  when, 
iLdoes  uf|t-  .  .  Judging  or  believing  is  a  certain  complex 
unity  of  which  a  mind  is  a  constituent  ;  if  the  remaining 
constituents,  taken  in  the  order  which  they  have  in  the 
belief,  form  a  complex  unity  (fact  complex  or  proposi¬ 
tion),  then  the  belief  is  true;  if  not,  it  is  false.  ...  If  we 
take  such  a  belief  as  ‘Othello  believes  that  Desdemona 
loves  Cassio,’  we  will  call  Desdemona  and  Cassio  the  ob¬ 
ject-terms  and  loving  the  object-relation.  If  there  is  a  com¬ 
plex  unity  ‘ Desdemona ’s  love  for  Cassio,’  consisting  of 
the  object-terms  related  by  the  object-relation  in  the  same 
order  as  they  have  in  the  belief,  then  this  complex  unity 
(fact-complex  or  proposition)  is  called  the  fact  correspond¬ 
ing  to  the  belief.  Thus  a  belief  is  true  when  there  is  a  cor- 
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responding  fact,  and  is  false  when  there  is  no  corresponding 
fact.”  5 

The  strong  point  in  Russell’s  theory  is  to  be  found  in 
his  recognition  of  the  fact  that  falsehood  is  not  objective, 
not  a  part  of  the  fact  complex  itself,  but  that  a  false  belief 
is  any  belief  that  objects  are  related  otherwise  than  they 
actually  are.  But  this  is  entirely  consistent  with  the  coher¬ 
ence  theory.  Indeed,  T.  H.  Green,  one  of  the  strongest 
advocates  of  the  coherence  theory,  was  wont  to  refer  to 
falsehood  as  “a  confusion  of  relations.” 

The  defect  in  Russell’s  theory  is  best  brought  to  light  by 
asking  the  question :  How  are  we  to  know  whether  a  judg¬ 
ment  complex  corresponds  with  a  fact  complex,  assuming 
the  two  to  be  entirely  different?  In  his  effort  to  explain 
the  nature  of  knowledge,  Russell  wrestles  with  this  ques¬ 
tion  to  very  little  purpose.  For  he  reaches  the  conclusion 
that  we  can  never  really  be  sure  that  the  two 1  complexes 
correspond.  He  defines  knowledge  as  being  what  is  validly 
deduced  from  known  premises.  And  then  he  explains  that 
the  known  premises  are  known  intuitively.  “But  in  re¬ 
gard  to  intuitive  beliefs,  ’  ’  he  writes,  “  it  is  by  no  means  easy 
to  discover  any  criterion  by  which  to  distinguish  some  as 
true  and  others  as  erroneous.  In  this  question  it  is  scarcely 
possible  to  reach  any  very  precise  result;  all  our  knowledge 
of  truths '  is  infected  with  some  degree  of  doubt.  ’  ’  And 
again,  he  writes,  “Knowledge  is  not  a  precise  conception; 
it  merges  into  probable  opinion.”  These  passages  show 
clearly  that  Russell  denies  that  we  can  ever  be  sure  about 
any  particular  belief  because  we  can  never  know  whether 
there  is  a  fact  complex  which  corresponds  to  it.  And  to 
admit  that  knowledge  is  not  a  precise  conception  is  to 
admit  that  truth  is  not  a  precise  conception.  For  how  can 
real  knowledge  be  distinguished  from  truth?  Knowledge, 

5  Bertrand  Bussell,  Problems  of  Philosophy  (Henry  Holt),  pp. 
201/. 
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for  Russell,  practically  reduces  to  probable  opinion,  with 
the  recognition  that  there  are  degrees  of  probability.  And 
he  falls  back  on  the  notion  of  coherence  as  a  test  of  proba¬ 
bility  or  measure  of  the  degree  of  probability.  ‘  ‘  In  regard 
to  probable  opinion,  we  can  derive  great  assistance  from 
coherence,  which  we  rejected  as  the  definition  of  truth, 
but  may  often  use  as  a  criterion.  A  body  of  individ- 
ual  probable  opinions,  if  they  are  mutually  coherent,  be¬ 
come  more  probable  than  any  one  of  them  would  5e 
individually.  ’  ’ 6  " 

Each  form  of  the  correspondence  theory  really  makes 
truth  inaccessible  to  the  human  mind.  If  truth  is  an  agree¬ 
ment  between  a  mental  belief  and  an  absolutely  independ¬ 
ent  object,  be  it  physical  existent  or  propositional  subsist¬ 
ed,  there  is  no  conceivable  way  in  which  one  could  ever 
know  whether  this  agreement  is  ever  actually  present  in 
any  particular  case.  Now,  defining  truth  in  such  a  way  as 
to  make  it  inaccessible  begs  the  whole  question.  If  we  never 
know  when  we  have  truth,  how  can  we  know  that  our  theory 
of  truth  is,  itself,  true  ? 

The  Real  Meaning  of  the  Coherence  Theory  of  Truth 

We  have  seen  that  advocates  of  pragmatism,  critical 
realism  and  neo-realism,  accept  coherence  as  the  chief  cri¬ 
terion  of  truth.  But  they  interpret  coherence  to  mean  con¬ 
sistency  among  our  human  beliefs,  and  when  we  define 
truth  in  terms  of  coherence,  something  more  than  mere  con¬ 
sistency  must  be  understood.  To  all  advocates  of  the  co¬ 
herence  theory,  an  identity  of  nature  between  knowledge 
and  reality  is  presupposed.  There  is  a  coherence  of  our 
beliefs  with  reality,  as  well  as  a  coherence  among  our  be¬ 
liefs  about  reality.  What  we  know  is  always  some  actual 
implicative  system  in  reality  itself.  The  truth  or  trueness 

6  Loco  citat0>  P-  218-  Russell’s  theory  of  probability  is  expounded 
above.  Ch.  XVII. 
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of  any  belief  is  what  it  gets  by  virtue  of  its  embodying  that 
actual  system.  Thus  the  truth  of  the  judgment  that  the 
blood  circulates  through  the  human  body  is  to  be  found  in 
the  fact  that  it  embodies  within  itself  an  actual  implicative 
system,  namely  the  circulatory  system  of  the  human  body 
as  known  to  physiologists.  There  is  no  dualism  between  a 
belief  and  the  content  in  reality  which  it  embodies,  for, 
viewed  from  the  logical  side,  that  content  is  the  belief. 
Much  of  the  confusion  in  discussions  of  truth  is  due  to  the 
fact  that  the  problem  is  approached  from  the  point  of  view 
of  biological  psychology  instead  of  from  that  of  logic. 
Unless  we  hold  that  human  science  is  progressively  feeling 
its  way  into  the  actual  nature  of  the  universe,  we  are 
really  shut  up  in  utter  relativism  and  scepticism.  Either 
the  coherence  theory  is  true  or  human  knowledge  is  a  fairy 
tale. 

Let  him  who  can  think  that  what  Newton  and  Laplace, 
Faraday  and  Davy/Darwin  and  Pasteur,  and  all  the  other 
honest  seekers  after,  and  contributors  to,  human  knowl¬ 
edge,  have  told  us  about  the  universe  is  only  a  fairy  tale. 
There  will  always  be  those  who  prefer  to  hold  that  the  uni¬ 
verse  is  actually  what  it  is  known  to  be,  and  that  the  inves¬ 
tigations  of  such  scientists  take  us  deeper  and  deeper  into 
its  essential  nature.  Newton  was  not  far  wrong  when  he 
remarked,  concerning  his  own  discovering  of  the  law  of 
gravitation,  that  he  was  like  a  child  gathering  pebbles  and 
shells  along  the  seashore,  while  the  great  ocean  of  truth 
lay  all  unexplored  before  him.  But  was  it  not  something 
to  recognize  that  the  shells  and  pebbles  came  out  of  that  </ 
ocean,  and  that  it  was  there  to  be  explored?  Human 
knowledge  is  probably  much  less  important  and  much  more 
fragmentary  than  we  think.  To  repeat  the  dying  words 
of  Laplace:  “What  we  know  is  little,  but  what  we  do  not 
know  is  immense.”  Yet  shall  we  abandon  the  little  we 
know  in  the  interest  of  a  false  conception  of  certainty? 
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And  shall  we  kill  the  interest  of  truth  seekers  by  telling 
them  that  no  one  has  ever  reached  the  truth,  and  that  there 
is  a  great  gulf  fixed  between  human  ideas  and  concrete 
facts?  Yes,  certainly,  if  we  know  that  it  is  true  that  there 
is  such  a  gulf.  But  why  assume  that  there  is  ?  And  why 
put  forth  this  assumption  as  our  basal  certainty?  The 
value  of  the  coherence  theory  of  truth  is  that  it  makes  the 
other  assumption,  and  by  so  doing  justifies  the  splendid 
faith  of  men  of  science  that  there  is  an  ocean  of  truth, 
which  can  be,  and  is  being,  chartered. 


CHAPTER  XXVII 

MODERN  INTERPRETATIONS  OF  THE  LAWS  OF  THOUGHT 

Postulates  in  Deductive  Systems 

It  is  chiefly  to  the  mathematical  logicians  that  modern 
logic  owes  a  debt  of  gratitude  for  the  elaboration  of  an 
extremely  valuable  theory  of  postulates.  But,  on  the  other 
hand,  it  is  primarily  to  the  idealistic  logicians  that  credit 
belongs  for  the  best  modern  interpretation  of  certain  basic 
logical  principles,  traditionally  known  as  laws  of  thought. 
Now  perhaps  the  best  way  to  reach  an  understanding  of 
the  problem  involved  in  interpreting  these  laws  is  to  ap¬ 
proach  it  through  the  modern  conception  of  a  postulate. 

Every  orderly  or  systematic  body  of  knowledge,  which  is 
sufficiently  well  organized  to  be  capable  of  relative  inde¬ 
pendence  from  the  whole  system  of  knowledge,  is  neces¬ 
sarily  based  upon  certain  principles  which  are  taken  for 
granted  for  the  purposes  of  that  particular  system.  This 
need  not  be  interpreted  to  mean  that  they  cannot  be  proven, 
but  only  that  the  attempt  to  establish  them  takes  one  out¬ 
side  the  system  of  knowledge  in  question.  We  must  start 
somewhere,  and  in  deductive  procedure  we  start  with  cer¬ 
tain  assumed  general  principles  and  see  what  we  can  get 
out  of  them.  Such  assumed  principles  are  now  ordinarily 
called  postulates  or  axioms.  Thus,  for  every  deductive  sys¬ 
tem  there  is  a  definite  set  of  postulates  or  axioms  on  which 
the  system  as  a  whole  is  based.  Plane  geometry  is  a  good 
example  of  a  deductive  system.  The  axioms  one  has  to  learn 
at  the  beginning  of  plane  geometry  are  the  postulates  of 
that  deductive  system.  The  whole  body  of  knowledge  in¬ 
cluded  in  plane  geometry  rests  upon  these  postulates.  Dis¬ 
prove  them,  and  the  whole  system  will  collapse  like  a  house 
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of  cards.  The  only  proof  for  them  is  their  fruitfulness, 
unless  they  are  deduced  from  more  fundamental  postulates 
such  as  the  laws  of  mathematics,  and  that  would  mean  going 
outside  the  system  of  plane  geometry.  It  is  in  this  sense 
that  we  are  to  understand  the  precise  definition  of  a  postu¬ 
late  given  by  Royce : 

An  axiom,  or  postulate,  is  a  principle  which  lies  at  the  basis 
of  a  certain  selected  system  of  propositions,  and  which  is  not 
demonstrated  in  the  course  of  that  system.  This  is  the  sense 
in  which  the  term  axiom  is  still  most  serviceably  employed  in 
modern  theory.  .  .  .  Axioms,  in  the  language  of  modern  theory, 
are  best  defined,  neither  as  certainties  nor  as  absolutely  first 
principles,  but  as  those  principles  which  are  used  as  the  first 
in  a  special  theory.1 

In  concluding  our  exposition  of  syllogistic  inference,  we 
pointed  out  that  logicians  have  attempted  to  reduce  tradi¬ 
tional  syllogistic  reasoning  to  a  single  principle — the  dic¬ 
tum  de  omne  et  nullo.  And  it  was  there  pointed  out  that 
this  principle,  the  rules  of  the  syllogism  and  the  special 
rules  of  the  separate  figures,  could  be  regarded  as  a  set  of 
postulates  for  traditional  logic.  On  the  other  hand,  the 
law  of  the  universality  of  nature  or  the  principle  of  causa¬ 
tion  can  be  treated  as  the  basic  postulate  of  inductive 
reasoning.  But  there  is  also  a  still  more  general  set  of 
postulates,  which  go  by  the  name,  laws  of  thought.  The 
three  of  these  laws  which  were  formulated  by  Aristotle  are 
(1)  the  law  of  identity,  (2)  the  law  of  contradiction,  and 
(3)  the  law  of  excluded  middle.  Leibniz,  the  greatest 
logician  of  the  eighteenth  century,  added  a  fourth,  the 
law  of  sufficient  reason.  Now  there  is  a  sense  in  which 
these  laws  are  the  presuppositions  behind  every  branch  of 
knowledge  whatsoever,  or  the  set  of  postulates  of  knowledge 

1  From  the  article  entitled,  “Axioms,”  in  Hastings’  Encyclopedia 
of  Religion  and  Ethics.  Quoted  by  permission  of  Charles  Scribner’s 
Sons. 
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itself  taken  as  a  whole.  For  knowledge  is  impossible  un¬ 
less  they  are  adhered  to  by  the  thinker.  The  schools  of 
logic  with  which  we  have  been  dealing  differ  widely  in 
their  interpretations  of  these  laws.  I  will  first  formulate 
them  to  accord  with  the  idealistic  interpretation,  and  then 
indicate  three  significant  points  of  divergence. 

The  Idealistic  Interpretation  of  the  Laws  of  Thought 

The  idealistic  interpretation  is  dominated  by  the  coher¬ 
ence  theory  of  truth.  Although  recognizing  that  the  laws 
are  capable  of  being  treated  as  relatively  independent,  the 
chief  trend  of  the  idealistic  interpretation  is  in  the  direc¬ 
tion  of  reducing  all  of  the  laws  to  the  one  principle  of 
sufficient  reason,  which,  in  turn,  is  held  to  be  identical 
with  the  principle  of  the  implicative  system.  And,  just 
as  essential  to  this  point  of  view,  is  the  theory  that  these 
laws  are  not  only  the  axioms  on  which  all  human  thinking 
rests,  but  express  the  actual  nature  of  reality  itself.  Both 
of  these  principles  of  the  idealistic  interpretation  will  come 
to  light  as  we  proceed  to  discuss  the  separate  laws. 

1.  The  Law  of  Identity.  This  law  states  that  every 
object  of  thought  is  identical  with  itself:  “A  is  A.” 
“Business  is  business.”  “War  is  war.”  “Evil  is  evil.” 
It  seems  absurd  to  insist  that  thinking  is  based  upon  the 
assumption  that  every  thought  content  or  meaning  is  iden¬ 
tical  with  itself.  But  it  seems  absurd  because  it  is  a  tru¬ 
ism  which  no  one  doubts.  Yet,  once  you  become  conscious 
of  the  existence  of  this  postulate,  you  will  be  surprised  to 
find  that  it  is  frequently  violated.  The  fallacy  which 
results  when  it  is  violated  has  already  been  discussed  under 
the  name  of  ambiguity  and  equivocation.  For  example,  a 
political  speaker  may  begin  an  address  by  using  the  word 
“republican,”  or  “democrat,”  in  that  broad  sense  in 
which  we  are  all  republicans  or  democrats,  and  gradually 
lead  over  to  a  sense  in  which  the  word  is  a  designation  of 
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a  definite  set  of  partisan  policies.  When  he  does  this  A 
has  become  B,  or  something1  else.  It  is  no  longer  the  A 
with  which  he  started.  The  law  of  identity  requires  that 
A  he  A,  that  the  thinker  shall  be  consistent  throughout  and 
call  a  spade  a  spade.  Rigid  thinking  gives  way  to  hazi¬ 
ness  whenever  this  law  is  violated.  Logic  cannot  tolerate 
the  shifting  of  the  meaning  of  a  term.  Whatever  a  thing 
is,  it  is,  and  thought  depends  upon  every  one  taking  things 
for  what  they  are.  This  is  the  ultimate  demand  of  the  law 
of  identity. 

2.  The  Law  of  Contradiction.  Aristotle  stated  this  law 
as  follows:  “The  proposition  A  is  B,  and  the  proposition 
A  is  not-B,  cannot  both  be  true  together.”  And  again  he 
said:  “It  is  impossible  that  the  same  predicate  should 
both  belong  and  not  belong  to  the  same  thing  at  the  same 
time  and  in  the  same  way”  In  other  words,  according  to 
this  law  we  are  forbidden  to  hold  that  a  thing  both  is, 
and  is  not,  of  a  certain  definite  character.  It  either  is  that, 
or  it  is  not  that.  It  cannot  at  the  same  moment  both  be 
that,  and  not  be  that.  Suppose  I  make  the  assertion : 
“John  is  a  dog,”  and  then,  speaking  of  the  same  John,  I 
say,  “John  is  a  man.”  According  to  the  law  of  contra¬ 
diction,  one  only  of  these  statements  can  be  true.  John 
is  one  or  the  other,  but  he  cannot  possibly  be  both  at  once. 
You  cannot  say  that  any  object  is  at  one  and  the  same  time 
poison  and  non-poison.  It  is  one  or  the  other  but  not  both. 
And  this  applies  to  all  opposites.  To  assert  two  opposites 
of  the  same  subject  at  the  same  time  is  to  be  guilty  of  self- 
contradiction.  Now  this  must  not  be  interpreted  to  mean 
that  an  object  may  not  include  within  itself  various  dif¬ 
ferences,  for  neither  the  law  of  identity  nor  the  law  of 
contradiction  excludes  the  possibility  of  change.  It  only 
means  that  a  thing  cannot  be  conceived  as  being  the  exact 
opposite  of  itself  and  still  be  itself.  Exact  opposites  can¬ 
not  be  affirmed  of  the  same  subject  at  the  same  time.  And 
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yet  violations  of  this  law  are  too  common  even  among 
educated  people.  It  is  not  easy  to  avoid  contradiction. 
Nevertheless,  scientifically  exact  thinking  is  thinking  which 
is  not  infected  with  the  disease  of  self-contradiction. 

3.  The  Law  of  Excluded  Middle.  According  to  this  law, 
which  is  really  a  corollary  of  the  law  of  contradiction,  of 
the  two  propositions  A  is  B,  and  A  is  not-B  one  must  be 
true  and  the  other  false.  There  is  no  middle  ground  or 
third  possibility.  If  B  and  not-B  are  exact  opposites,  they 
divide  the  world  between  them  in  such  a  way  that  anything 
whatsoever  is  either  B  or  not-B;  it  cannot  possibly  be  some¬ 
thing  different  from  both ;  it  cannot  possibly  he  partly  B 
and  partly  not-B,  if  thought  is  to  be  possible.  Behind  this 
law  is  the  assumption  that  there  are  two  sides  of  every 
reality,  its  positive  and  its  negative  side.  B  is  the  symbol 
for  its  positive  side,  and  not-B  is  the  symbol  for  its  negative 
side.  Now  any  mentionable  object  will  fall  on  one  side  or 
the  other,  it  will  either  have  the  qualities  in  question  or  it 
will  not  have  them.  There  is  no  middle  ground.  “John  is 
a  man.”  “John  is  a  non-man.”  If  John  has  the  qualities 
of  a  man  the  first  proposition  is  true,  and  if  he  does  not 
the  second  is  true.  And  of  any  particular  John  one  or 
the  other  of  these  assertions  is  true.  John  may  be  an 
idiot,  he  may  be  lacking  in  some  of  the  attributes  of  rea¬ 
sonable  beings,  yet  he  is  a  man.  All  thought  depends  upon 
the  principle  that  everything  which  is  asserted  to  be  true 
of  a  given  subject  involves  or  carries  with  it  the  denial  that 
something  else  is  true  of  that  same  subject.  If  a  dog  is 
a  four-footed  animal,  it  is  not  a  two-footed  animal.  The 
real  meaning  of  the  law  of  excluded  middle  is  this  principle 
that  opposites  cannot  both  be  true  of  the  same  subject  at 
the  same  time.  It  is  simply  a  more  explicit  formulation  of 
the  law  of  contradiction. 

4.  The  Law  of  Sufficient  Reason.  Leibniz  stated  this  law 
as  the  ultimate  postulate  of  all  thinking.  He  formulated  it 
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as  follows:  “No  fact  can  be  found  real  or  existing’,  no 
statement  true,  unless  there  be  a  sufficient  reason  why 
it  should  be  so  and  not  otherwise.”  And  he  adds  that 
this  postulate  holds,  even  though  ‘  ‘  these  reasons  very  often 
cannot  be  known  to  us.  ’  ’  But  the  law  may  also  be  stated, 
For  everything  that  exists  or  is  real  we  must  assume  that 
there  is  a  full  explanation  or  reason  for  its  being  what  it  is 
rather  than  otherwise  from  what  it  actually  is.  So  stated, 
this  principle  or  law  is  the  ultimate  postulate  of  all  think¬ 
ing.  To  take  our  former  illustration:  “If  John  is  a  man 
it  is  because  he  has  the  attributes  of  a  man,  and  if  John 
is  a  dog  it  is  because  he  has  the  attributes  of  a  dog.  ’  ’  The 
sufficient  reason  for  John’s  being  a  man  is  the  system  of 
things  to  which  John  belongs  and  of  wdiich  the  judgment, 
“John  is  a  man”  is  an  expression.  To  explain  what  any 
object  whatever  is  we  must  go  behind  the  particular  object 
to  the  implicative  system  or  inferential  whole  to  which  it 
belongs.  What  it  is,  it  is  because  it  is  grounded  in 
some  larger  system  than  it  is  itself.  This  larger  system 
is  the  sufficient  reason  for  its  being  what  it  is,  and  for  its 
not  being  something  other  than  what  it  actually  is.  Ulti¬ 
mately,  this  sufficient  reason  will  be  the  system  of  reality 
as  a  whole. 

Hence,  this  law  of  sufficient  reason  has  been  expressed 
by  the  idealistic  school  of  logicians  as  the  assumption  that 
the  ultimate  subject  in  any  judgment  is  reality  itself — 
the  whole  system  of  things.  Thus,  there  is  the  immediate 
subject  “John,”  and  the  ultimate  subject  “reality,”  so 
that  the  judgment  should  be  written:  “Reality  is  such 
that  John  is  a  man.”  The  sufficient  reason  for  his  being 
a  man  is  the  complete  implicative  system,  which  is  reality 
itself  or  the  nature  of  things. 

This  law  has  also  been  expressed  as  the  principle  of  con¬ 
sistency.  This  really  assumes  that  reality  is  a  consistent 
system,  and  that  in  reality  everything  is  what  it  is  because 
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of  its  place  in  the  system.  Hence  valid  thought  must  be 
consistent.  Unless  we  think  things  as  they  are  in  the  con¬ 
sistent  system  of  reality,  our  thoughts  are  mere  vulgar 
opinion  and  lack  truth.  Logic  has  to  assume  that  there  is 
a  consistent  system  of  truth  -which  thinking  reaches.  So 
Creighton  writes :  ‘  ‘  The  laws  of  identity  and  contra¬ 

diction  are  simply  the  expression,  in  positive  and  negative 
forms  respectively,  of  the  principle  of  consistency.  The 
one  fundamental  postulate  of  all  thought  is  that  it  must 
be  consistent  with  itself.”2  But  no  matter  whether  we 
call  it  the  principle  of  consistency  or  the  law  of  sufficient 
reason,  or  whether  we  say  that  the  ultimate  subject  of 
every  judgment  is  reality  or  the  nature  of  things  con¬ 
ceived  as  an  order  system,  all  thinking  which  aims  at  ob¬ 
jective  truth  certainly  depends  upon  the  postulate  that  the 
universe  taken  as  a  whole  is  an  implicative  system,  and  can 
be  known  as  such.  It  is  for  this  reason  that  Professor 
Royce  would  define  logic  as  the  science  of  order,  order  being 
for  him  the  logico-mathematical  structure  of  the  whole 
existing  universe. 

Divergent  Interpretations  of  the  Laws  of  Thought 

There  are  three  significant  divergent  interpretations  of 
these  laws : 

1.  The  pragmatist  school,  as  well  as  some  other  contempo¬ 
rary  logicians,  treat  the  laws  of  thought  in  a  thorough¬ 
going  relativistic  fashion,  regarding  them  as  purely  man¬ 
made  prescriptions  for  the  use  of  names.  They  hold  that 
mutual  understanding  and  communication  of  thought  is 
impossible  unless  we  use  words  with  the  same  meaning.  In 
the  slow  process  of  social  evolution  man  has  discovered  this 
fact,  and  the  laws  of  thought  are  his  way  of  dealing  with 
it.  Consequently  they  are  a  relatively  late  product  in  the 

2  J.  E.  Creighton,  An  Introductory  Logic,  new  ed.,  p.  38.  See, 
also,  pp.  343  f. 
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evolution  of  intelligence,  and  are  nothing  more  than  human 
conventions  governing  the  use  of  names.  By  no  means  do 
they  indicate  the  structure  of  ultimate  reality.  If,  a  few 
thousand  years  hence,  intelligence  succeeds  in  evolving  a 
better  set  of  conventions,  these  laws  will  be  regarded  as 
obsolete,  petrified  truths,  esteemed  only  for  the  pragmatic 
value  they  once  had,  but  no  longer  binding  upon  thinking 
people.  This  interpretation  is  thus  a  corollary  of  the 
pragmatist  relativity  theory  of  truth. 

W.  Curtis  Swabey  has  recently  subjected  this  pragmatist 
interpretation  of  the  laws  of  thought  to  a  penetrating 
analysis.  He  points  out  that  it  is  really  based  upon  a 
dogmatic  and  uncritical  acceptance  of  the  laws  of  natural 
science,  whereas  scientific  analysis  reveals  the  fact  that 
they  are  strictly  subordinate  to  the  laws  of  thought.  He 
has  well  expressed  the  idealistic  answer  to  the  contention 
of  the  relativists: 

Psychologism  or  sceptical  relativism  cannot  be  refuted  in  case 
its  advocate  refuses  to  accept  the  authority  of  the  laws  of  thought, 
and  of  the  other  principles  of  logic.  In  the  end  there  can  be^no 
argument  with  those  who  repudiate  the  authority  of  clear  logical 
insight.  But  ...  the  logician  can  strengthen  his  own  confidence 
by  observing  how  his  opponents  contradict  themselves  at  every 
step.  Relativism  involves  the  assertion  of  the  existence  of  causal 
connections  between  the  mind’s  empirical  constitution  and  human 
beliefs.  It  thus  involves  not  only  the  formal  laws  of  thought, 
but  also  the  principle  of  causality  or  of  the  lawfulness  of  nature! 
If  there  were  no  causality,  no  uniformity  of  nature,  our  beliefs 
could  not  depend  on  our  mental  constitutions  or  on  our  particular 
temperaments.  Again,  if  the  law  of  non-contradiction  were 
false,  relativism  would  itself  be  both  true  and  false,  and  conse¬ 
quently  neither  true  nor  false.  The  ultimate  laws  of  thought,  in 
other  words,  have  the  peculiar  character  of  being  involved  in  their 
very  denial  and  thus  of  automatically  maintaining  themselves 
against  every  attack.3 

a  Philosophical  Review,  Vol.  XXXII,  p.  220.  Swabey  lias  been 
answered,  from  the  point  of  view  of  critical  realism,  by  Charles  E. 
Hooper,  in  the  same  volume,  pp.  531  f. 
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2.  The  realistic  school  is  in  general  agreement  with  the 
idealists  in  regarding  the  laws  of  thought  as  basic  aspects 
of  the  universe  itself,  but  they  object  to  their  reduction  to 
one  fundamental  postulate.  While  recognizing  their  im¬ 
portance,  these  logicians  tend  to  regard  the  laws  as  only 
a  subordinate  part  of  the  whole  set  of  logical  principles 
which  must  be  taken  for  granted  by  the  science  of  logic. 
Russell,  for  example,  considers  the  principle,  “every  prop¬ 
osition  which  follows  from  true  premises  is  true,”  as  an 
equally  fundamental  logical  axiom.  Thus,  referring  only 
to  the  first  three  laws,  he  writes :  ‘  ‘  For  no  very  good 

reason,  three  of  these  principles  have  been  singled  out  by 
tradition  under  the  name  of  ‘Laws  of  Thought.’  .  .  .  These 
three  laws  are  samples  of  self-evident  logical  principles,  but 
are  not  really  more  fundamental  or  more  self-evident  than 
various  other  similar  principles :  for  instance,  the  one  we 
considered  just  now,  which  states  that  what  follows  from  a 
true  premise  is  true.  The  name  ‘laws  of  thought’  is  also 
misleading,  for  what  is  important  is  not  the  fact  that  we 
think  in  accordance  with  these  laws,  but  the  fact  that  things 
behave  in  accordance  with  them;  in  other  words,  the  fact 
that  when  we  think  in  accordance  with  them  we  think 
truly.”  4 

Russell  is  right  in  holding  that  the  name  “laws  of 
thought”  is  misleading.  But  he  is  wrong  in  implying 
that  the  three  laws  are  independent  axioms,  for  our  dis¬ 
cussion  has  already  shown  that  they  are  inherently  related. 
Hence,  the  reduction  of  them  to  the  principle  of  sufficient 
reason  is  justifiable.  Indeed,  another  able  realist  asks, 
with  an  implicit  affirmative  answer,  “Is  it  not  possible  to 
include  the  interpretation  of  perceived  meanings,  together 
with  the  foundations  of  inductive  inference  concerning 


^  Bertrand  Russell,  Problems  of  Philosophy  (Henry  Holt),  p.  113. 
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nature,  in  some  general  law  of  analogy  or  principle  of 
sufficient  reason  ?  ”  5 

3.  The  realists  also  hold  that  the  laws  of  thought,  as 
well  as  all  other  basic  postulates  or  principles  of  logic,  are 
self-evident  or  intuitive  truths,  and  that  they  are,  there¬ 
fore,  incapable  of  proof.  Thus,  in  the  passage  just  quoted, 
Russell  refers  to  them  as  “samples  of  self-evident  logical 
principles.  ’  ’  Moreover,  the  critical  realists  are  at  one  with 
other  realists  in  adopting  this  doctrine  of  self -evidence. 
On  this  vital  issue,  the  idealists  are  committed  to  the  view 
that  self-evidence  is  a  dangerous  principle  to  which  a  logi¬ 
cian  should  never  appeal.  They  hold  that  there  are  two 
kinds  of  proof- — internal  and  external.  Internal  proof  is 
equivalent  to  the  fruitfulness  of  a  set  of  postulates  in  or¬ 
dering  the  various  facts  within  the  system  in  question.  In 
this  sense  a  set  of  postulates  can  be  established  by  pointing 
out  the  ways  in  which  they  actually  function  in  ordering 
the  concrete  factual  details  in  the  system  to  which  they 
belong.  External  proof,  on  the  other  hand,  consists  in 
deducing  a  set  of  postulates  from  a  still  more  general 
postulate  or  set  of  postulates  than  the  set  of  the  system 
in  question.  To  be  sure,  this  involves  going  outside  of 
that  system.  Now,  the  laws  of  thought  cannot  be  estab¬ 
lished  by  external  proof,  for  the  very  simple  and  good 
reason  that  there  is  no  system  more  general  than  the 
whole  of  knowledge,  and  consequently,  no  more  funda- 

5  John  Laird,  A  Study  of  Realism,  p.  123.  Laird,  however,  is  not 
sure  of  himself,  for  he  later  adds:  “This  final  step  seems  more 
seductive  than  solid.  This  wavering  attitude  also  characterizes 
the  authors  of  the  Introduction  to  Reflective  Thinking.  But  they 
lean  strongly  toward  the  idealistic  interpretation,  as  is  shown  by 
their  statement:  “The  so-called  laws  of  thought  seem  to  us  to 
be  more  deepseated  (than  geometrical  axioms).  .  .  .  They  seem  to 
be  part,  not  only  of  the  very  structure  of  our  minds,  but  also  of 
the  structure  of  the  universe  to  which  thousands  of  years  of  bio¬ 
logical  experience  has  adapted  the  mind  of  man.”  (Pp.  114/.)  But 
the  last  clause  indicates  their  pragmatist  leanings. 
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mental  set  of  postulates  than  these  laws.  The  most  that 
can  be  done  is  to  show  that  the  first  three  laws  are  corol¬ 
laries  of  the  law  of  sufficient  reason,  thus  in  effect  deduc¬ 
ing  them  from  it.  But  when  we  take  into  consideration 
the  fruitfulness  of  these  laws  in  ordering  the  whole  of 
knowledge,  we  at  once  recognize  that  they  are  capable  of 
internal  proof.  Hence,  they  may  be  said  to  be  “self- 
mediated  by  the  system  of  truth”  (Royce).  Thus  we  see 
that  the  idealistic  interpretation  of  the  laws  of  thought  is 
part  and  parcel  of  the  coherence  theory  of  truth. 


CHAPTER  XXVIII 


RECENT  CRITICISMS  OF  LOGIC 

A  Statement  of  the  Criticisms 

Although  they  are  at  swords  points  on  some  issues,  as 
we  have  learned  in  the  last  two  chapters,  contemporary 
logicians  are,  curiously  enough,  near  unanimity  in  con¬ 
demning  traditional  logic  as  little  more  than  a  poor  exer¬ 
cise  in  mental  gymnastics.  Thus  the  authors  of  the  Intro¬ 
duction  to  Reflective  Thinking  deliberately  adopt  an  en¬ 
tirely  new  approach  which  excludes  all  of  the  Aristotelian 
logic,  because,  “The  older  so-called  formal  logic  seems 
strangely  technical  and  remote  to  the  student  of  the  pres¬ 
ent  day.  Its  nice  distinctions  and  mathematical  precision 
may  be  appreciated  and  enjoyed,  but  they  do  not  seem 
to  be  carried  out  of  the  textbook  into  everyday  life  ’ , 
(p.  16).  In  fact,  most  pragmatists  and  realists  regard 
traditional  logic  as  a  more  or  less  barbarous  relic  from 
antiquity,  incurably  corrupted  in  its  transmission  to  us  by 
the  schoolmen  of  the  Middle  Ages.  As  Whitehead  puts  it : 
“A  science  which  hesitates  to  forget  its  founders  is 
lost.  To  this  hesitation  I  ascribe  the  barrenness  of 
logic.”1  Moreover,  many  of  the  idealists  appear  to  hold 
much  the  same  view.  Thus,  in  a  very  recent  article 
R.  C.  Lodge,  an  avowed  follower  of  the  greatest  of 
the  idealistic  logicians,— the  late  Bernard  Bosanquet, 
writes  concerning  traditional  logic  that,  “while  it  is  still 
largely  taught”  and,  “with  its  tricks,  puzzles,  fallacies 
and  repartees,  can  be  made  entertaining  to  elementary 
students,”  nevertheless,  “its  chief  educational  value  con- 

1  A.  N.  Whitehead,  The  Organization  of  Thought ,  p.  115 
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sists  in  the  exercise  it  gives  in  paraphrasing  poetical  and 
rhetorical  passages,  with  minimal  loss  of  meaning.”  And 
he  adds  the  comment :  “  It  is  trivial  and  superficial.  ’  ’  His 
own  textbook,  prepared  especially  for  elementary  students, 
only  mentions  the  syllogism  once  and  that  reference  is  in 
a  footnote.2  But  that  some  of  the  idealistic  logicians  are 
less  radical  in  their  criticisms  of  traditional  logic  is  shown 
by  the  following  comment,  from  the  article  quoted  in  the 
last  chapter,  by  W.  Curtis  Swabey:  “The  historic  tradi¬ 
tion,  which  goes  by  the  name  of  Aristotelian  logic,  has 
weathered  many  a  storm  and  will  probably  continue  to 
play  its  role  after  many  of  its  more  ambitious  rivals  have 
come  to  figure  only  in  the  history  of  philosophy.”  This 
discriminating  estimate  is  shared  by  the  majority  of  the 
idealistic  as  well  as  by  some  other  logicians.  For  it  goes 
without  saying  that  the  neo-scholastic  school  of  logic  is 
committed  to  a  high  valuation  of  traditional  logic.  It  is  also 
interesting  to  note  that  an  attempt  has  quite  recently  been 
made  to  rehabilitate  the  historic  tradition  by  giving  to  it 
a  symbolic  interpretation.3  On  the  whole,  however,  tradi¬ 
tional  logic  is  rather  out  of  favor  just  at  present.  “Away 
with  this  mummy  from  antiquity,  make  room  for  some¬ 
thing  living  and  modem  !  ’  ’ — this  is  the  far-flung  battle- 
cry  of  many  doughty  champions  of  novelties  in  logic. 

As  we  learned  above,  Bergson,  the  distinguished  French 
philosopher,  is  the  leader  of  a  significant  school  of  con¬ 
temporary  philosophy  known  as  anti-intellectualism,  which 
exalts  intuitive  insight  far  above  logical  analysis.  To 
be  sure,  Bergson  himself  acknowledges,  in  the  closing  pages 
of  his  Introduction  to  Metaphysics,  that  the  highest  intui¬ 
tive  insights  cannot  be  reached  without  an  extensive  prepa- 

2  Philosophical  Review,  Vol.  XXXII,  p.  589.  Compare  F.  C.  S. 
Schiller:  Formal  Logic,  and  the  article  entitled,  “The  Reformation 
of  Logic,”  by  A.  W.  Moore,  in  the  pragmatist  volume  entitled 
Creative  Intelligence. 

3  See  Bradford  Smith,  First  Booh  in  Logic. 
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ration  in  logical  analysis,  but  in  so  far  as  he  subordinates 
concepts  to  intuitions  and  insists  that  logical  explanations 
falsify  the  facts,  he  is  an  enemy  of  all  logic.  There  can  be 
no  doubt  that  the  anti-intellectualist  movement  has  con¬ 
tributed  to  the  reaction  against  logic.  Moreover,  it  has 
■wide  ramifications  outside  of  the  ranks  of  technical  phi¬ 
losophers.  Literary  enthusiasts  have  always  heaped  scath¬ 
ing  denunciations  upon  logic.  This  anti-intellectualist  atti¬ 
tude  of  the  poetic  and  imaginative  temperament  is  well 
expressed  in  the  interesting  lines  of  Dana  Burnet’s  little 
poem  entitled  “To  a  Logician”: 

Cold  man,  in  whom  no  animating  ray 
Warms  the  chill  substance  of  the  sculptor’s  clay; 

Grim  reasoner,  with  problems  in  your  eyes, 

Professor  Sage — however  do  they  call  you? 

Far-seeing  Blindman,  fame  shall  yet  befall  you; 

Carve  you  in  stone — that  winter  of  the  wise ! — 

And  set  you  up  in  some  pale  portico 
To  frown  on  heaven  above,  on  earth  below. 

I  shall  make  songs  and  give  them  to  the  breeze, 

And  die  amid  a  thousand  ecstasies! 

I  shall  be  dust,  and  feel  the  joyous  sting 
Of  that  sweet  arrow  from  the  bow  of  time 
Which  men  call  Spring. 

And  out  of  my  dead  mouth  a  rose  shall  come  like  rhyme ! 

But  you,  in  your  eternal  state  of  snows, 

Shall  thrill  no  more  to  life’s  resurgent  flood, 

Nor  cast  death’s  laughter  into  April’s  rose! 

You  shall  be  marble  who  were  never  blood. 

A  Defense  of  Logic  against  These  Criticisms 

We  may  dismiss  the  criticism  of  all  logic  of  the  anti- 
intellectualist,  which  comes  to  clear  expression  in  this  poem, 
with  the  words  of  the  great  French  interpreter  of  Aris¬ 
totle,  Barthelemy  Saint-Hilaire :  “Without  logic  the  mind 
of  man  can  admirably  energize,  admirably  reason;  but 
without  it  does  not  know  itself  through  and  through ;  and 
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ignores  one  of  the  fairest  and  most  fruitful  of  its  facul¬ 
ties.  Logic  brings  to  the  mind  self-acquaintance.  Such 
is  its  use  and  it  cannot  have  any  other.  ’  ’  4  For  even  though 
logic  is  not  the  whole  nor  even  the  better  half  of  life, 
even  though  there  are  bloodless  and  spineless  logicians  who 
come  near  fitting  the  poet’s  sarcastic  description,  yet  logic 
has  its  rightful  place.  Cultivated  modern  life  is  really 
not  complete  without  it,  bloodless  though  it  be.  Nor  is  it 
necessarily  bloodless.  Even  a  logician  may  have  his  ec¬ 
stasies  and  “cast  death’s  laughter  into  April’s  rose.” 
And  surely  all  who  know  something  of  the  contributions 
of  modern  science  to  human  knowledge  must  recognize  the 
educational  value  to  elementary  students  of  a  study  of 
the  logical  procedure  involved  in  making  these  discoveries. 
Whatever  one  may  think  of  traditional  logic,  surely  every 
one  who  knows  anything  about  the  matter  at  all  must  con¬ 
cede  that  logic,  in  the  sense  of  methodology,  is  an  indis¬ 
pensable  adjunct  of  modern  science. 

Recognizing  the  demand  for  a  new  interpretation,  which 
shall  take  account  of  modern  logical  developments,  one 
need  not  accept  the  wholesale  and  practically  unqualified 
condemnation  of  traditional  logic.  For,  in  the  first  place, 
the  critics  overlook  the  fact  that  elementary  students  are 
simply  barred  from  advanced  work  in  this  field  until  they 
know  the  rudiments  of  traditional  logic.  The  whole  tech¬ 
nique  of  logical  science  is  beyond  the  reach  of  him  who 
has  not  fully  mastered  Aristotelianism.  There  is  hardly 
an  advanced  treatise  on  logic,  if  we  except  the  new  sym¬ 
bolic  logic,  which  does  not  bristle  with  technical  terms 
whose  roots  are  in  the  Aristotelian  logic.  Moreover,  the 
authors  of  these  treatises  presuppose  a  knowledge  of  these 
terms  on  the  part  of  their  readers.  Even  the  critics’  own 

4  Barthelemy  Saint-Hilaire,  De  la  Logique  d’Aristote,  p.  42. 
Quoted  by  J.  Brough,  in  the  article  entitled  “Logic,”  in  Hastings’ 
Encyclopedia  of  Religion  and  Ethics. 
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condemnations  cannot  really  be  understood  or  fully  ap¬ 
preciated  apart  from  such  knowledge.  Hence,  teachers  owe 
it  to  their  most  gifted  students,  who  may  later  develop  into 
logicians,  to  present  the  content  of  traditional  logic. 

The  critics  may  answer  that  a  teacher  is  not  justified 
in  loading  onto  the  whole  class  content  which  will  only 
benefit  the  occasional  and  exceptional  student,  who  may 
prepare  for  graduate  work  in  this  field.  Hence,  in  the 
second  place,  it  must  be  mentioned  that  these  technical 
terms  of  traditional  logic  have  entered  into  our  language  as 
a  whole  to  such  an  extent  that  it  is  hard  to  appreciate 
literary  masterpieces  and  scientific  treatises  without  a 
knowledge  of  them.  Nor  can  adequate  knowledge  be 
reached  by  the  slavish  process  of  repeatedly  consulting 
dictionary  definitions.  These  terms  must  needs  be  learned 
in  their  context.  The  cultural  value  of  a  mastery  of  tra¬ 
ditional  logic  is  a  sufficient  justification  for  its  inclusion  in 
an  elementary  course.  And  note  that  this  is  entirely  dif¬ 
ferent  from  its  disciplinary  value,  on  which  the  critics  as¬ 
sume  a  defender  of  Aristotelian  logic  must  rely.  Without 
any  question,  the  open-eyed  student  who  has  been  through 
Part  One  of  this  textbook,  has  already  repeatedly  met 
words  and  passages  in  his  other  reading  on  which  a  flood 
of  light  has  been  thrown  by  what  he  has  learned.  Before 
studying  logic  such  passages  were  read  superficially,  with¬ 
out  comprehension. 

In  the  third  place,  the  study  of  traditional  logic  does 
have  a  disciplinary  value  which  cannot  be  destroyed  by 
the  jibe  of  “mental  gymnastics.”  Why  aren’t  “mental 
gymnastics  just  as  legitimate  as  “physical  gymnastics”? 
The  fact  that  one  does  not  use  certain  muscles  in  ordinary 
life  is  no  reason  for  neglecting  them  in  the  gymnasium. 
Nor  is  the  fact  that  -we  do  not  use  daily,  every  logical 
process  dealt  with  in  traditional  logic,  in  the  precise  for¬ 
mal  way  in  which  they  are  studied  in  an  elementary  course, 
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any  argument  against  spending  a  few  hours  of  one’s  life 
mastering  such  processes.  The  observant  student  will  find 
in  his  own  experience  full  justification  for  the  testimony 
of  John  Stuart  Mill  as  to  the  value  of  a  study  of  these 
traditional  logical  processes.  He  writes:  “There  is  no 
more  important  intellectual  habit,  nor  any  the  cultivation 
of  which  falls  more  strictly  within  the  province  of  the 
art  of  logic,  than  that  of  discerning  rapidly  and  surely  the 
identity  of  an  assertion  when  disguised  under  diversity  of 
language.  .  .  .  The  student  of  logic  acquires  habits  of 
circumspect  interpretation  of  words  and  of  exactly  measur¬ 
ing  the  length  and  breadth  of  his  assertions,  which  are 
among  the  most  indispensable  conditions  of  any  consider¬ 
able  attainment  in  science,  and  which  it  is  one  of  the  pri¬ 
mary  objects  of  logical  discipline  to  cultivate”  (Bk.  II, 
Ch.  I).  And  again,  in  Autobiography :  “I  am  persuaded 
that  nothing  in  modem  education  tends  so  much,  when 
properly  used,  to  form  exact  thinkers,  who  attach  a  precise 
meaning  to  words  and  propositions,  and  are  not  imposed 
on  by  vague,  loose,  or  ambiguous  terms.” 

Nor  need  the  student  go  outside  of  his  own  college  or 
university  environment  to  find  ample  verification  of  the 
truth  of  the  words  of  another  great  English  logician,  De 
Morgan,  who  said  that  it  is  the  neglect  of  formal  or  Aris¬ 
totelian  logic  which  gives  us  “swarms  of  legislators, 
preachers,  and  teachers  of  all  kinds,  who  can  only  deal  with 
their  own  meaning  as  bad  spellers  deal  with  a  hard  word.  ’  ’ 
And  the  wise  college  student  will  not  forget  that  he  is  fre¬ 
quently  going  to  be  called,  upon  throughout  his  life  to 
express  to  others,  clearly  and  concisely,  his  own  meaning. 

Moreover,  if  traditional  logic  is  worthless,  trivial  and 
superficial,  the  empirical  fact,  known  to  every  teacher  of 
logic  who  knows  why  students  enroll  in  the  elementary 
course,  that  so  many  successful  professional  men  and  scien¬ 
tists  warn  their  own  sons  and  daughters  against  the  neglect 
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of  elementary  logic,  is  simply  inexplicable.  For  two  or 
three  decades  ago,  when  these  men  were  undergraduates, 
traditional  logic  made  up  the  bulk  of  the  content  of  courses 
in  elementary  logic.  Yet  this  is  one  of  the  few  courses 
which  numerous  successful  men  single  out  from  among  all 
that  they  had,  as  having  been  the  most  helpful  to  them  in 
their  professional  career.  It  is  highly  questionable 
whether,  twenty  or  thirty  years  hence,  successful  men  will 
be  able  to  pay  a  similar  tribute  to  the  substitutes  for  tra¬ 
ditional  logic  which  some  of  them  are  now  being  offered 
in  our  colleges  and  universities.  In  this  age  of  iconoclasm 
beware  lest  the  critics  persuade  you  to  sell  your  intellectual 
birthright  for  a  mess  of  pottage  ! 

The  mere  fact  of  the  antiquity  of  Aristotelian  logic  does 
not  justify  substituting  some  other  content  for  it,  any  more 
than  the  antiquity  of  Euclidian  geometry  would  justify 
a  teacher  of  mathematics  in  substituting  non-Euclidian 
geometry  for  it  in  high  schools  and  academies.  Indeed, 
the  fact  that  logic  comes  to  the  modern  college  student 
clothed  in  the  wondrous  garment  of  antiquity  should  make 
the  subject  peculiarly  fascinating  to  a  beginner.  What 
a  superb  privilege  to  study  that  which  formed  a  vital  part 
of  the  educational  equipment  of  the  immortal  Cicero,  and 
of  countless  other  immortals  down  to  our  own  day!  The 
persistence  of  the  Aristotelian  logic  as  a  part  of  the  pro¬ 
gram  of  studies  since  the  days  of  its  founder  proves  its 
imperishable  value.  Nothing  worthless  could  survive  the 
acid  test  of  criticism  through  so  many  centuries.  What  is 
needed  to-day  is  not  the  abandonment  of  Aristotelian  logic, 
but  a  reinterpretation  of  it  which  will  embody  the  signifi¬ 
cant  modern  contributions  to  the  science.  To  accomplish 
this  purpose  has  been  one  of  my  dominant  aims  in  writing 
this  textbook.  I  may  have  failed,  but  I  relinquish  the 
task  with  full  confidence  in  the  power  of  traditional  logic 
to  weather  the  assaults  of  its  contemporary  critics. 
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No  attempt  is  here  made  to  give  an  exhaustive  list  of 
books  and  articles  on  logic.  For  the  best  extant  bibliogra¬ 
phy,  see  Benjamin  Rand’s  in  Baldwin’s  Dictionary  of 
Philosophy  and  Psychology ,  Vol.  Ill,  Part  II,  pp.  647-703. 
My  aim  is  to  indicate  some  books  and  encyclopedia  articles 
of  more  recent  date,  which  should  be  helpful  to  students 
and  teachers  using  this  textbook,  who  may  wish  either  to 
supplement  my  discussions,  or  to  go  more  deeply  into  some 
of  the  problems  which  I  have  barely  been  able  to  suggest. 
Beginning  students  will  find  it  to  their  great  advantage 
to  read  regularly  some  other  account  parallel  to  what  I 
have  given,  and  teachers  will  do  well  to  encourage  this  by 
keeping  on  an  open  reserve  shelf  in  the  reading  room  of 
the  library,  copies  of  the  elementary  textbooks  listed  below, 
and  by  making  from  time  to  time  definite  reference  in  the 
classroom  to  various  subjects  especially  well  treated  in 
one  or  another  of  these  books.  For  it  goes  without  saying, 
that  every  textbook  is  clearer  on  some  points  than  on  others. 

In  order  to  orient  the  student  in  the  general  field  of 
logic,  and  to  get  him  into  the  habit  of  using  other  books, 
it  is  suggested  that  he  be  required  to  read  the  opening 
chapter  in  two  or  three  elementary  texts,  and  to  write  a 
discussion  about  one  thousand  words  in  length  on  some 
such  topic  as  one  of  the  following;  this  discussion  should 
be  prepared  during  the  first  week  of  the  course : 

1.  The  Definition  of  Logic. 

2.  The  Relation  of  Logic  to  Psychology. 

3.  The  Relation  of  Logic  to  Language. 

4.  The  Relation  of  Logic  to  other  Sciences. 

5.  Is  Logic  a  Science  or  an  Art? 

6.  The  Unit  of  Logical  Science. 

7.  The  Sense  in  which  Logic  is  Formal. 

8.  The  Practical  Value  of  Logie. 
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It  is  also  recommended  that  students  be  asked  to  find 
illustrations  of  the  various  inductive  methods,  as  well  as 
of  the  logical  processes  dealt  with  in  Part  I,  from  their 
own  reading.  It  is  a  good  plan  to  require  a  brief  written 
discussion,  containing  illustrations  of  the  chief  methods, 
worked  out  in  steps,  and  based  upon  a  reading  of  one  or 
more  well-written  scientific  essays  in  which  the  methods 
stand  out  fairly  well.  For  this  purpose  the  following  will 
be  found  especially  valuable:  Huxley,  A  Piece  of  Chalk; 
Tyndall,  The  Scientific  Use  of  the  Imagination;  F.  W.  West- 
away,  Scientific  Method,  Book  III,  Famous  Men  of  Science 
and  Their  Methods;  R.  A.  Gregory,  Discovery ;  T.  B.  Strong 
(editor),  Lectures  on  the  Methods  of  Science;  and  various 
parts  of  the  four  volumes  of  J.  A.  Thomson  (editor),  The 
Outline  of  Science.  Another  valuable  book,  containing 
many  fresh  and  interesting  examples  of  the  methods  of 
science  and  written  especially  for  beginners,  is  the  Intro¬ 
duction  to •  Reflective  Thinking ,  so  frequently  referred  to 
in  the  text,  written  by  nine  associates  in  philosophy  in 
Columbia  University.  It  is  of  the  utmost  importance  in 
teaching  logic,  and  particularly  in  teaching  methodology,  to 
get  the  student  to  see  for  himself  the  connection  between 
the  actual  thinking  done  in  scientific  research  and  the 
statement  of  the  methods  given  in  this  book.  The  more 
he  is  able  to  correlate  logical  processes  with  the  methods 
actually  employed  by  scientists,  the  better  he  will  grasp 
the  logical  significance  of  methodology. 

Elementary  Textbooks 

Bode,  B.  II.,  An  Outline  of  Logic. 

Columbia  Associates,  Introduction  to  Reflective  Thinking. 

Creighton,  J.  E.,  An  Introductory  Logic  (new  ed.). 

Dotterer,  R.  H.,  Beginners’  Logic. 

Hibben,  J.  G.,  Logic:  Deductive  and  Inductive. 

Jevons,  W.  S.,  Elementary  Lessons  in  Logic. 

Jones,  A.  L.,  Logic:  Inductive  and  Deductive. 

Jones,  E.  E.  Constance,  A  Primer  of  Logic. 

Joseph,  H.  W.  B.,  An  Introduction  to  Logic  (2d  ed.). 

Keynes,  J.  N.,  Studies  and  Exercises  in  Formal  Logic. 
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Mellone,  S.  K.,  An  Introductory  Textbook  in  Logic. 

Minto,  Wm.,  Logic:  Inductive  and  Deductive. 

Sellars,  R.  W.,  The  Essentials  of  Logic. 

Welton  and  Monahan,  An  Intermediate  Logic. 

Welton,  J.,  Manual  of  Logic ,  2  vols. 

Westaway,  F.  W.,  Scientific  Method  (2d  ed.). 

Other  Elementary  Books 

The  books  in  this  list  contain  a  great  deal  of  valuable  logical 
material,  and  they  are  all  within  the  reach  of  the  beginner  in 
logic : 

Dewey,  John,  How  We  Think. 

Gibson,  Boyce,  The  Problem  of  Logic  (2d  ed.). 

James,  William,  Pragmatism. 

- The  Meaning  of  Truth. 

- Principles  of  Psychology,  2  vols. 

Jevons,  W.  S.,  The  Principles  of  Science. 

Pearson,  Karl,  The  Grammar  of  Science. 

Royce,  Josiah,  The  Problem  of  Christianity ,  2  vols.  (The 
first  volume  contains  the  best  extant  account  of  the  epis¬ 
temology  of  Charles  S.  Peirce.) 

Russell,  Bertrand,  The  Problems  of  Philosophy. 

Sidgwick,  A.,  The  Use  of  Words  in  Reasoning. 

- Fallacies. 

- The  Application  of  Logic. 

Thomson,  J.  Arthur,  An  Introduction  to  Science. 

Whetham,  W.  C.,  The  Foundations  of  Science. 

Advanced  Textbooks  and  General  Treatises 

The  books  in  this  list  are  more  or  less  technical  and  abstract. 
They  are  beyond  the  reach  of  the  average  beginning  student,  but 
for  advanced  students  and  teachers  they  contain  invaluable 
logical  material : 

Baldwin,  Mark,  Genetic  Logic,  3  vols. 

Bosanquet,  Bernard,  Logic,  2  vols.  (2d  ed.). 

- Essentials  of  Logic. 

- Implication  and  Linear  Inference. 

Bradley,  F.  H.,  Principles  of  Logic  (2d  ed.). 

Dewey,  John,  Essays  in  Experimental  Logic. 
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Enriques,  F.  (K.  Royce,  trails.),  The  Problems  of  Science. 
Hobhouse,  L.  T.,  The  Theory  of  Knowledge. 

Husserl,  Edmund,  Logische  Untersuchungen,  2  vols. 
Joachim,  H.  S.,  The  Nature  of  Truth. 

Johnson,  W.  E.,  Logic,  Part  I  and  Part  II. 

Keynes,  J.  M.,  A  Treatise  on  Probability. 

Laird,  John,  A  Study  of  Realism. 

Lossky,  N.,  The  Intuitive  Basis  of  Knowledge. 

Macintosh,  D.  C.,  The  Problem  of  Knowledge. 

Mackenzie,  J.  S.,  Elements  of  Constructive  Philosophy. 
Meinong,  Alexius,  Gegenstandstheorie. 

- liber  Annahme. 

Mill,  John  Stuart,  System  of  Logic. 

Moore,  G.  E.,  Philosophical  Essays. 

Peirce,  C.  S.  (M.  R.  Cohen,  editor),  Chance,  Love  and  Logic. 
Peirce,  C.  S.,  and  others,  Studies  in  Logic. 

Poincare,  H.,  Science  and  Method. 

- Science  and  Hypothesis. 

Rieber,  C.  S.,  Footnotes  to  Formal  Logic. 

Rogers,  A.  K.,  What  Is  Truth ? 

Russell,  Bertrand,  Scientific  Method  in  Philosophy. 

- Philosophical  Essays. 

■ - Mysticism  and  Logic. 

Whitehead,  A.  N.,  The  Organization  of  Thought. 

- Principles  of  Natural  Knowledge. 

- The  Concept  of  Nature. 

The  New  Realism,  Creative  Intelligence,  and  Essays  in  Critical 
Realism  are  collective  volumes  containing  valuable  articles  on 
logic  by  various  authors. 


Encyclopedia  Articles 

The  following  encyclopedia  articles  are  of  the  highest  value, 
and  although  they  are  difficult,  the  beginner  should  be  able  to 
get  something  from  them.  They  are  really  indispensable  to  the 
teacher  who  wants  a  digest  of  the  best  thought  in  this  field : 

Encyclopedia  Britannica  (11th  ed.).  The  article  entitled 
“Logic,”  contains  the  best  available  survey  of  the  history  of  logic. 

Century  Dictionary  and  Cyclopedia.  The  definitions  of  logical 
terms  in  this  dictionary  were  written,  for  the  most  part,  by  C.  S. 
Peirce,  and  they  are  very  complete  and  sound. 
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Baldwin’s  Dictionary  of  Philosophy  and  Psychology :  “The 
Laws  of  Thought,”  “Truth  and  Falsity,”  by  C.  S.  Peirce. 

Hastings’  Encyclopedia  of  Religion  and  Ethics:  “Logic,”  “Be¬ 
lief,”  “Concept,”  “Judgment,”  “Inference,”  “Method,”  by  J. 
Brough;  “Axioms,”  “Error  and  Truth,”  “Mind,”  “Negation,” 
“Order,”  by  Josiah  Royce;  “Epistemology,”  by  James  Iverach; 
“Probability,”  by  J.  G.  Hibben;  “Analogy,”  by  G.  C.  Joyce; 
“Causality,”  by  F.  R.  Tennant;  “Science,”  by  J.  Arthur  Thomson. 

Ruge’s  Encyclopedia  of  the  Philosophical  Sciences,  vol.  I, 
“Logic.”  All  of  the  articles  in  this  volume  are  valuable,  but  those 
by  W.  Windelband  and  Josiah  Royce  on  the  “Principles  of 
Logic”  are  unusually  significant. 

Consult  also  the  Proceedings  of  the  Aristotelian  Society  (pub¬ 
lished  annually). 

Symbolic  Logic 

The  following  are  among  the  most  important  works  on  symbolic 
logic : 

Boole,  George,  The  Laws  of  Thought. 

Couturat,  L.  J.,  The  Algebra  of  Logic. 

De  Morgan,  A.,  Formal  Logic. 

Dotterer,  R.  H.,  Beginners’  Logic  (contains  a  good  chapter  on 
Symbolic  Logic). 

Lewis,  C.  I.,  Survey  of  Symbolic  Logic  (the  best  historical 
survey). 

Russell,  Bertrand,  Principles  of  Mathematics. 

Russell,  B.,  and  Whitehead,  A.  N.,  Principia  Mathematica. 

ScHROEDER,  E.,  Vorlesungen  iiber  der  Algebra  der  Logik,  3  vols. 

Shearman,  A.  T.,  The  Development  of  Symbolic  Logic. 

Smith,  Bradford,  First  Book  in  Logic.  (Aristotelian  Logic 
in  symbolic  form.) 

Venn,  John,  Symbolic  Logic. 
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Absolute  terms,  23 /. 

Abstract  essence,  354. 

Abstract  sciences,  222. 

Abstract  terms,  19/. 

Abstractionist  theory,  293/. 

Academy,  62,  335. 

Accent,  fallacy  of,  190. 

Accident,  36;  fallacy  of,  193. 

Acquaintance,  knowledge  by, 

109ff. 

Added  determinants,  101/. 

A  fortiori  argument,  157. 

Agreement,  method  of,  264 ff. 

Agreement  and  difference,  joint 
method  of,  272 ff. 

Ambiguity,  20,  57,  82,  123,  363. 

Ambiguous  middle,  123. 

Amphiboly,  190. 

Analogy,  298-306;  examples  of, 
3,  10,  31,  44,  302/.,  316;  false, 
304. 

Analysis,  52/.,  211//. 

Anti-intellectualism,  295,  373. 

Applied  logic,  vii. 

Applied  sciences,  223. 

Argumentum  ad  rem,  ad  homi- 
nem,  etc.,  197/. 

Aristotle,  7,  16/.,  32,  91,  110,  188, 
203,  298,  335/. 

Aristotelian  analogy,  298;  cate¬ 
gories,  32//.,  38//. ;  definition, 
53/.;  logic,  vii,  333 ff.,  340, 
375/. 

Art  of  logic,  10/.,  335. 

Attributes,  16,  30,  33;  essential 
and  non-essential,  36/.,  56/. 

Augustine,  34,  253. 

Axioms.  See  Postulates. 


Bacon,  2,  63,  206,  262/.,  276,  307, 
314,  338/. 

Bergson,  295 ff.,  373. 

Binary  classification,  62. 

Bode,  185. 

Bosanquet,  v,  5/.,  8,  16,  24,  47, 
114,  116 ff.,  142,  211,  298,  343, 
372. 

Brahe,  292. 

Branford,  221. 

Brill,  305/. 

Burke,  59/. 

Burnet,  Dana,  374. 

Butler,  Bishop,  229. 


Categorical  propositions,  78  ff.; 
element  in  hypothesis,  79/., 
169/. 

Categories,  30-36;  relation  to 
class  and  genus,  40 ff. 

Causation,  law  of,  253/. 

Cause;  casuality,  253-261. 

Circularity  in  definition,  58;  fal¬ 
lacy  of,  195. 

Class,  38/.,  54,  86;  relation  to 
category  and  genus,  40/. 

Classification,  62  ff.,  241/.;  bi¬ 
nary,  62/.;  Comte’s  hierarchy, 
65/.;  Cuvier’s,  66/.;  of  propo¬ 
sitions,  81;  of  sciences,  221  ff.; 
of  scientific  methods,  224 ff. ; 
value  of,  67. 

Cohen,  M.  R.,  64. 

Coherence  theory  of  truth,  345, 
358 ff. 

Collective  terms,  21/. 
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Columbia  Associates,  8,  70,  212, 
285,  292,  370,  372. 

Complex  conception,  101/. 
Complex  question,  fallacy  of, 
196. 

Composition,  fallacy  of,  192. 
Comprehensive  definition,  55. 
Comte,  65. 

Concomitant  variations,  method 
of,  276//. 

Concrete  essence,  354. 

Concrete  terms,  19; f. 

Connotation,  45,  50. 

Consistency,  118,  347/.,  366. 
Contemporary  logic,  340//. 
Continuity,  259. 

Contradiction,  law  of,  364. 
Contradictory  terms,  25;  propo¬ 
sitions,  91. 

Contraposition,  98//. 

Contrary  terms,  25;  proposi¬ 
tions,  91. 

Conversion,  93/. 

Correlative  terms  and  doctrine 
of,  23/. 

Correlation,  242. 

Correspondence  theory  of  truth, 
350  ff. 

Counter-dilemma,  181. 
Counter-probability,  233. 

Coville,  F.  V.,  316. 

Creighton,  56,  108,  183,  211,  343, 
367. 

Criteria  of  truth,  349,  358. 

Cuvier’s  classification,  66. 

Deduction  {See  Induction  and 
Logic);  in  science,  314/. 
Deductive  systems,  axioms  in, 
361/. 

Definition,  36/.,  52-61. 

De  Morgan,  26,  187,  191,  377. 
Denotation,  45,  50. 

Derivative  sciences,  222. 


Description,  53;  knowledge  by, 
109//. 

Descriptive  sciences,  222;  hy¬ 
potheses,  308. 

Dewey,  8,  114,  342. 

Dichotomy,  62/. 

Dictum  de  omne  et  nullo,  140 ff. 
Difference,  method  of,  268//. 
Differentiae,  36/.,  53/. 

Dilemma,  176-186. 

Discourse,  universe  of,  26/f. 
Disjunctive  propositions,  79/.; 

syllogisms,  170  ff. 

Distributed  terms,  47,  S5. 
Distribution,  rules  of,  85. 
Distributive  terms,  21. 

Division,  61-68;  fallacy  of,  192. 
Doctrine  of  correlatives,  24. 
Dubois,  R.,  319. 

Egoism  and  egotism,  9. 
Eliminative  induction,  209// 
217. 

Enthymemes,  146  ff. 

Enumeration,  224,  241. 
Enumerative  induction,  206 ff. 
217/. 

Epicheiremas,  148. 

Epistemology,  1,  351. 

Essence,  352//. 

Euler’s  diagrams,  86/.,  124. 
Exceptive  propositions,  84. 
Excluded  middle,  law  of,  365. 
Exclusive  propositions,  83. 
Existence,  218. 

Experimental  methods,  225,  262- 
285. 

Explanation,  2S9-297;  abstrac¬ 
tionists’  theory  of,  295/.; 
Bergsonian  theory  of,  295/.; 
examples  of,  290,  316//.;  meth¬ 
ods  of,  297-315;  stages  in, 
295/.,  313/. 

Extension  of  terms,  43-52. 

External  proof,  370. 
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Fair  sample,  238/. 

Fallacies,  123//.,  187-200;  classi¬ 
fication  of,  187^. ;  dilemmatic, 
183;  disjunctive,  67/.,  172; 

equivocation,  191//.  (see  Am¬ 
biguity)  ;  hypothetical,  166; 
presumption,  194//. ;  statisti¬ 
cal  fallacies,  244//. 

False  analogy,  304//. 

Figure,  121//.,  336;  rules  of  the 
four  figures,  132-137. 


Galileo,  322. 

Gautier,  302//. 

Genera,  61/. 

General  and  particular,  43 ; 
methods,  224;  sciences,  222; 
terms,  20. 

Generalizations,  empirical  v.  sci¬ 
entific  laws,  207,  245,  293/., 
304. 

Genetic  definition,  56. 

Genus  and  species,  36,  53/.,  61. 

Gilbert,  Wm,  117,  262/.,  285/., 
338/. 

Goclenian  sorites,  151,  154/.,  174. 

Green,  T.  H.,  357. 


Hegel,  116,  343. 

Herschel,  262/. 

Hibben,  235. 

Hispanus,  Petrus,  137. 

Hobbes,  15,  110,  339. 

Hocking,  59,  349. 

Hollingworth,  240/.,  248. 

Hume,  257/.,  264,  325. 

Husserl,  4/.,  333,  343. 

Huxley,  67,  239/. 

Hypothesis,  307-313. 
Hypothetical  propositions,  79/.; 
sorites,  173;  syllogisms,  166 ff. 


Idea,  6/.,  30.  See  Terms. 


Identity,  law  of,  363 ff. 

Illicit  process  of  the  major  and 
minor  terms,  125//. 

Imagery  (psychical  image),  6. 

Imaginary  ideas,  46/. 

Immediate  inference,  90  -  103, 
107/. 

Implicative  system,  v,  8//.,  15, 
77,  108,  111//.,  214/.,  259/., 
367.  See  Order. 

Induction,  203-215;  assumptions 
of,  216 ff.-,  by  analysis,  211  ff.-, 
definition  of,  203 ff.-,  inductive 
leap,  205,  211/.;  perfect  v.  im¬ 
perfect,  207 ;  relation  to  deduc¬ 
tion,  204/. ;  relation  to  infer¬ 
ence,  214/.;  theories  of,  206//. 

Inference,  107-118  ( see  Implica¬ 
tive  System)  ;  immediate,  90- 
103;  linear  v.  organic  theory 
of,  114/.;  non-syllogistic  types 
of,  143/.;  novelty  in,  107//. ; 
syllogistic,  115//. ;  universal  in, 
111/. 

Inferential  whole.  See  Implica¬ 
tive  System,  and  Order. 

Infinite  negative  terms,  25. 

Instrumental  theory  of  truth, 
346  ff. 

Intension  of  terms,  43-52. 

Internal  proof,  370. 

Interpretation,  108. 

Inversion,  100. 

Irregular  arguments,  155-160. 

Irrelevant  conclusion,  fallacies 
of,  196/f. 


James,  17/.,  109/.,  242,  253, 

346]/. 

Jevons,  6,  21,  137,  207/.,  235, 
264,  279,  283/.,  308. 

Joint  method  of  agreement  and 
difference,  272 ff. 

Jones,  A.  L.,  281/. 

Joseph,  H.  W.  B.,  10,  24,  101/., 
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109,  148/.,  179,  187/.,  209)/., 
218,  258,  283,  325/.,  341. 
Judging,  idea  a  habit  of,  7. 
Judgment,  75  ff.  See  Proposi¬ 
tion. 


Kant,  111,  343. 

Keynes,  J.  N.,  230. 

Kind  names,  32/. 

Knowledge,  3,  5,  109  ff.,  345, 

352/.,  357/.;  by  acquaintance 
and  description,  109 ff.;  defi¬ 
nition  of,  8 ;  intuitive  and 
demonstrative,  1 10 ;  relativity 
of,  229/.;  unit  of,  6-9. 


Laboratory  method,  17/. 

Laird,  370. 

Language,  16;  ambiguity  of,  20; 
relation  to  logic,  5. 

Laplace,  108,  339,  359. 

Law,  definition  in,  60/.;  of  causa¬ 
tion,  253/.;  of  parsimony,  140; 
of  thought.  111,  362 ff.,  369/.; 
of  uniformity  of  nature,  217 ff., 
230/. 

Leibniz,  8,  339,  341,  365. 

Linear  theory  of  inference,  114/., 
142/.,  148. 

Locke,  5,  24,  76. 

Lockyer,  219. 

Lodge,  R.  C.,  372. 

Logic,  art  of,  10/.,  334;  chop¬ 
ping,  336 ;  contemporary 
schools  of,  340-343;  definition 
of,  Iff. ;  deductive  and  induc¬ 
tive,  1,  204;  formal,  118;  re¬ 
lation  to  other  sciences,  4 ff.-, 
scholastic,  117,  336/.;  syllo¬ 
gistic,  115 ff.;  symbolic,  v,  341; 
value  of,  vii,  51,  85,  93,  372- 
378. 

Logistic,  341. 


Macintosh,  221,  349. 

Mackenzie,  50. 

Map  of  scientific  knowledge,  223. 
Mathematical  logic,  341. 
Mathematical  reasoning,  56,  65, 
143,  300,  361/. 

McCabe,  69,  185. 

Meaning,  Qff.,  43 ff. 

Meinong,  4,  342. 

Mellone,  8,  19,  85,  147,  179,  226, 
270,  292. 

Mill,  vii,  46,  52/.,  141,  217/.,  225, 
258,  260,  262 ff.,  272 ff.,  305, 
333,  339,  377. 

Millikan,  328/. 

Mnemonic  lines,  137. 

Mood,  120/. 

Moore,  G.  E.,  347. 

Muir  head,  v,  114. 

Murray,  312. 


Names,  17. 

Naming,  act  of,  15 ff. 

Nature,  218,  294. 

Necessity,  78,  255. 

Negation,  24 ff. 

Negative  definition,  58;  in¬ 
stances,  204;  names,  24 ff.,  96; 
pragmatism,  349;  proposi¬ 
tions,  80,  96. 

Neo-scholastic  logicians,  340. 

Newton,  I.,  231,  270/278,  292, 
339. 

Non-sequitur,  fallacy  of,  198/. 

Novelty  in  inference,  108 ff. 

Objects,  nature  of,  15,  50. 

Obversion,  95/. 

Occam’s  razor,  140. 

Opposition,  91  ff. 

Order,  order-systems,  112 ff.,  294, 
367.  See  Implicative  System. 

Ordering  data,  342. 


INDEX 


389 


Organic  theory  of  inference, 
114#. 

Particular  propositions,  80/. 

Passivity,  category  of,  35. 

Pearson,  294. 

Pierce,  207/. 

Petrus  Hispanus,  137. 

Phenomena,  204;  complexity  and 
reciprocity  of,  260/. 

Plato,  16,  62,  181,  335. 

Porphyry,  tree  of,  63. 

Positive  basis  of  negative  terms, 
25/. 

Positive  terms,  24. 

Postulates,  111,  362#. 

Pragmatism,  342/.,  346#.,  367/., 
372/. 

Predicables,  36#. 

Privative  terms,  27/. 

Probability,  229-236;  as  applied 
to  aggregates,  234/.;  degrees 
of,  231,  357;  experiential, 

233/.;  logical,  232;  methods 
of,  224,  237#.;  theoretical, 

234;  relativity  of  knowledge 
and,  229/. 

Probable  laws,  235/. 

Proof,  7,  370. 

Property,  36/. 

Propositions,  classification  of, 
81 ;  exceptive  and  exclusive, 
83/. ;  logical  form  of,  82#. ; 
singular,  88;  universal  and 
particular,  80/. 

Protagoras,  334. 

Psychological  logicians,  4. 

Psychology  and  logic,  4,  75/. 

Quality  and  Quantity  of  propo¬ 
sitions,  80;  as  categories,  33. 

Quetelet,  235. 


Real  definition,  53. 


Realism,  342,  350#.,  369/.,  372/. 

Reduction,  137#. 

Relation,  16,  24,  33,  156#.,  300/. 

Relative  terms,  23. 

Relativity  of  knowledge,  229/.; 
of  truth,  334,  348,  368. 

Residues,  method  of,  280/. 

Rieber,  109. 

Rogers,  351#. 

Royce,  vi,  8,  24,  26/.,  108#.,  112/., 
208,  343,  362,  367,  371. 

Rules  of  distribution,  85#.;  of 
conversion,  93;  of  definition, 
56#.;  of  division,  67#.;  of  the 
four  figures,  132-137;  of  log¬ 
ical  form,  82/.;  of  sorites,  153, 
155;  of  hypothetical  and  dis¬ 
junctive  syllogisms,  165/.;  of 
method  of  difference,  269;  of 
hypotheses,  310/. 

Russell,  110,  212,  230,  341,  354#., 
369/. 


Saint-Hilaire,  374. 

Sampling,  207#.;  method  of, 
238#. 

Schmidt,  J.,  326#. 

Scholastic  logic,  117,  336. 

Science,  216-229;  and  art,  10; 
aim  and  mood  of,  220;  as¬ 
sumptions  of,  216#.;  Bergson's 
theory  of,  295#.;  classification 
of,  65,  221/.;  methods  of,  17, 
219,  224#.,  237#.,  262-286, 

297#.,  338/.;  nature  of,  219; 
Pearson’s  theory  of,  295#.; 
Russell’s  theory  of,  229#. 

Scientific  analysis,  211#. 

Secrist,  246. 

Self-evidence,  370. 

Sidgwick,  A.,  112,  187. 

Singular  propositions,  88;  terms, 
20. 

Situation,  category  of,  34. 

Skavlem,  322/. 
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Socrates,  50,  197,  334/. 

Sorites,  150#.,  173. 

Space,  category  of,  34. 

Special  pleading,  fallacy  of,  190/. 

Spencer,  24,  58. 

Statistics,  definition  of,  237/.; 
methods  of,  237-244;  value 
and  defect  of,  244#. 

Subsistence  and  existence,  217/. 

Substance,  category  of,  32/. 

Sufficient  reason,  law  of,  365/. 

Swabey,  368,  373. 

Syllogism,  categorical,  115-155; 
disjunctive,  170;  figures  of, 
121,  132#.;  hypothetical,  163- 
170,  174;  logical  form  of, 

119/.;  Mill’s  criticism  of,  117; 
prosyllogisms  and  episyllo- 
gisms,  148/.;  rules  of,  122#.; 
sorites,  150#. 

Syllogistic  inference,  115#.;  ba¬ 
sic  principle  of,  140#. 

Synoptic  sciences,  223. 

System,  8,  15/.,  24,  77,  112#., 
214,  291.  See  Implicative  Sys¬ 
tem  and  Order  System. 


Temporal  sequence  and  causal¬ 
ity,  256. 

Tennant,  257,  259. 

Terms,  17-28;  alleged  non-inten- 
sive  and  non-extensive,  45/.; 
distribution  of,  47/.;  intension 
and  extension  of,  43#. 

Thinking,  2#.,  11,  16,  30.  See 
Inference  and  Judgment. 

Theory  and  fact,  290#. ;  of  truth, 
344. 

Theoretical  probability,  234. 

Thomson,  J.  A.,  66,  221/.,  247, 
320/. 


Time,  category  of,  34. 
Tourtoulon,  60. 

Tree  of  porphyry,  63. 

Truth,  78,  344-360. 

Tyndall,  265/.,  309. 

Undistributed  middle,  fallacv 
of,  124. 

Undistributed  terms,  47. 
Uniformity  of  nature,  law  of, 
217#.,  230/.,  253/. 

Universal  in  inference.  111#. 
Universal  propositions,  80. 
Universality  of  judgment,  78. 
Universe  of  discourse,  26#. 

Value  of  logic,  vii,  85,  93,  151, 
372-378. 

Venn,  26/.,  341. 

Verbal  definition,  53. 

Verification,  307. 

Von  Laue  experiment,  315/. 

Wallas,  336/. 

Westaway,  284/. 

Whately,  57,  196. 

Whetham,  322. 

Whitehead,  217,  309,  341,  372. 
Whole  and  part,  fallacies  of, 
192/. 

Windelband,  8,  15,  343. 

Yule,  245/.,  247. 

Zeno,  176,  178/.,  333. 
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